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PREFACE TO^mST EDITION 


“ Of the making of books there is no end,” and yet, amid the 
multitude of them, the proprietors of The Gas World feel that 
there is still a need for a practical handbook upon “ The Manu- 
facture of Sulphate of Ammonia,” a handbook :a, while it 
will be of interest to the large manufacturers, l|all yet be of 
such modest dimensions as to be within the reach\f the small 
manufacturer with limit('d means, and which, ^hilc it will 
contain full working details, shall yet be written in such simple 
language that it m^y be easily understood by any wi»rkman 
of average intelligence —in short, not so much the work of'i%e 
syentist or the man of high literary attainments^ as that of a 
practical works’ man writing for his fellow-workers. Such a 
thj^rc^prietors of The Gas World asked the writer to 
undertake, and after much hesitation and mature consideration 
lie agreed to do so ; and he nofi^ therefore makes his bow to that 
Section of the Britilh public who are interested in the subject 
under tlfscussion. 

In a work of this character space prevents opr dealing with 
more than just a typical example two of each kind ^p^lant, 
*&nd the omission from thtij^e pages of mention of any maker’s 
flant must not, for one moWnt, be taken to infer that such a 
plant is unworthy^of notice or inferior to the examples 
selected. 

The writer desires to thank most heartily the various manu- 
facturers mentioned in these pages for the kindly manner <»in 
which they have responded K his requests for particulars 
drawings of their plants, etc. ; in fact, the response has Jpeen so 
generous that out of the mass of valuabli^ matgial furnished 
hjs btfifef in many ca^es, most difficult to nrnke a^selection. 
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as lyj felt that, liad space peryiitted, he should- have liked to 
all. ^ 

He also desires to thank Mr Owen Evans, assistant manager 
of the Wrexham gasworks, for kindly giving permission to 
reproduce the drawing of their yalphate of ammonia plant as 
frontispiece ; and also Mr Philip G. G. Moon, of the Bourne-#* 
mouth gasworks, for his kind permission to repent his valuable 
paper on “ Sulphate Manufacture for Small Works,*' repro- 
duced in Chapter XIV. of this work. 

In conclusion, the author desires also to thank his colleagues 
in the woW'si-Messrs John Wyld, Wilfrid Wyld and W. A. 
Twine— for ihe valuable assistance they have rendered him in * 
the prepar^ion of the work. 

, G. T. C. 

Erdington, 

NEAR JilRMINGIIAM, 

^ September 1911 



PREFACE TO SECOND EDlfl^N 

N 

The kindly reception afforded to the first edition of tliis work, 
the fact that that edition is now out of print, and tlic numerous 
inquiries that reach the publishers for a second edition, must 
be the writer’s excuse for venturing out of liis letirement to 
prepare this second edition. 

• To the many friends who have so kindly ass^ted him to 
bring the matter up to date he tenders his heartfelt thanks, 
andTf hi^C'aSers profit as much by the ])erusal of his work as 
he has had plcc'^ure in writing it, he will be quite satisfied with 
the results. 

G. T. C. 

Erdington, 

September 1917 
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CHAPTER I 

SULPHATE OF AMMONIA .* ITS COMPOSITION AND AN ALYSIS 

Sulphate of ammonia is a salt formed by the ckstillation of 
ammonia gas into sulphuric acid. It has tlX following 
formula ^ b 

(NH,),SO,. 

In a perfectly pure salt entirely free from moisture this would 
give a composition of 25757% NH, and 74.243% H,SO.. 
This state of purity, however, is never met with on a*large 
scale. ^ 

The commercial article is a salt of light grey colour, and is 
guaranteed to contain a minimum of 24% NHg. * It usually 
contains from 24.25% to 24.75% NH3, from 2 to 4% of moisture 
and fft>m q 457 o to 0.4% uncombined HgSO^. The buyers also 
frequently stipulate that it shall be free from cyanides, as these 
are deleterious 10 vegetable gryjvths. As the greater part of 
the sulphate of ammonia produced is used as a chemical manure, 
eiftier by itself or confoined with other substance;^, the necessity 
for this freedom from cyanides will be readily understood. 

In works where the storage capacity is ample, it sWetimes 
happens that the sulphate of ammonia is kept for lx rather long 
time, and in this case, especially if^the salt has been burned 
> over occasionally, it loses so much moisture that it frequently 
contains from 24.75% to 25.25% NHg. In works where the 
sulphate of ammonia is dried in a hydro-extractor, the same 
result may be obtain^ by running the extractor a little longer. 
Such a salt, especially if aljo of fairly white colour, usually fetches 
the top market price, but the little extra price secured scarcely 
pays for the extra ammonia above the 24% guaranteed in the 
^normal way. • 

From time to time efforts have been made to adopt the* 
practice of selling upon the basis of so much per cenl. of NHo ; 
for example, if 2 ^% was sold at £12 per ton, then 24.4% ^oi3d 
be fi2 3? 24.4 ”j* 24= £1^ 4s. per ton. Such ft meftiod would 
teytaiijly bipfairer to the manufacturer^ but unfortunaifelv, for 
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s(jnfe reason, tip to the presemt these efforts have not been 
attended with success. ^ 

Sampling . — ^The usual metfiod of sampling a parcel at the 
works is to take a small pincht from each bag as it is packed, 
place it in a large jam jar or other suitable vessel with a hd, 
and when the packing of the p^cel is completed intimately to 
mix the contents of the jar, andjoien from this intimately-nuxed 
sample to fill, say, three 8-oz. wide-mouthed bottles, taking 
care to cork, seal and label them immediately ufterwards. One 
of these samples is afterwards used for analysis and the other 
two reserved for reference in case of any dispute arising. 

In the event of the packing of the parcel extending over 
more than one day, it is desirable each evening thoroughly to 
mix up tAeVsontents of the jar and afterwards fill a glass bottle 
of, say, I lb capacity, carefully either corking and sealing same,^ 
or — ^which/is more convenient — ^using an india-rubber stopper 
to cork the bottle. When the parcel is completed these large 
samples adi carefully mixed together in proportion to the 
weights they represent, and from this mixed sample the three 
smaller samples are taken, as in the previous case.' 

In sampling from a large heap it is desirable to dig into the 
heap for about a foot, and to take the sample from the bottom 
of the hole ^ thus formed, repeating this in about a dozen places, 
taking care that these samples are taken at different heights in 
the heap. The samples thus taken are carefully mixed together 
and the three bottles filled, as in the previous calse. ' , 

Analysis . — ^The sample of sulphate of ammonia is usually 
analysed for ammonia (NHg)? moisture and* uncombined sub 
phuric acid, the two first-named being of most importance. 

For the ammonia test, two standard solutions are necessalfy, 
viz. : — normal sulphuric acid (i.e., a solution containing 49 
grammes of pure H2SO4 per htre) and normal sodium hydrate 
(a .solution containing 40 grammes of pure sodium hydrate 
per lil/e). 

To make the former, into a Winchester quart bottle put 
two litres of water and add to it slowly about 60 c.c.’s of sul- 
phuric acid (the quality known as R.O.V. or D.O.V. willibe 
sufficiently pure for the purpose). ShakC' up well and allow to 
cool. While this solution is cooling, a small quantity of car- 
bonate of soda is prepared for standardising, by being heated in 
a platinum or porcelain crucible over a low bunsen flame, the 
flame only being of such a height as just to touch the bottop 
of the crucible. After heating for about a quarter of an hour^ 
the, sodium carbonate is allowed to cool under *a desiccator; 
ready for weighing. Messrs J. W. Towers* & 'Co., Limited, 
supply, a quality of parbonate of sod^ Puriss. Anlfydxou^'** 
made this special purpose. To standardise the €.tid, ^ 50 c!c. 
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burette is filled with the acid» solution, after being •carcff^y 
rinsed out with the same. 2.6j grammes of the dried sodium 
carbonate is carefully weighed and transferred to a porcelain 
evaporating dish of about 9-i»ches diameter. A little water 
is added and a little strong solution of methyl orange (this 
being used as the indicator ol acidity or alkalinity). The acid 
is slowly run from the buretip iflto the solution until, after 
'standing for a few moments, the solution is neutral between 
pink and yello\f when the number of c.c.’s used is read off. If 
the acid solution is quite normal the number of c.c.’s required wiW. 
be exactly 50, but as the solution has been made rather stronger 
than this to allow for impurities in the acid used, it will prob- 
ably have taken a few c.c.’s less than this quantity, ^opposing 
it has taken 46 c.c.’s, it will be obvious that for efely 46 c.c.’s 
it will be necessary to add to the solution an addi^^ional 4 c.c.'s 
of water. After doing so and allowing to cool agaM, a similar 
test with the sodium carbonate is again made, and this time the 
2.65 grammes of sodium carbonate should require ^ust 50 c.c.’s 
of acid solution to neutralise it. 

The solution of n^ethyl orange referred to is made by j,dding 
distilled water to the methyl orange powder until the solution 
is of a good strong colour. This solution is much more reliable 
as an indicator than litmus solution. ^ 

To make the normal solution of sodium hydrate, about two 
litres of water are placed in a Winchester quart bottle and about 
85 gftmme’s 0! sodium hydrate (in sticks) slowly added to same. 
After th^ sticks^are dissolved, shake up well and allow to cool, 
the solution is now ready fon^standardising. To do this, fill 
the burette already used with normal sulphuric acid, and a second 
50 c.c. burette witlf the solution of sodium hydrate solution. 
Into a di«>h run 20 c.c.’s of the normal acid, add a sma^l quantity 
of methyl orange solution, and then run into it the sodium 
hydrate solution until the acid is ji^t neutralised. Repe^ the 
experiment, and if the second experiment confirms the first 
they may be taken as correct. It will be found that the 20 c.c.’s 
of acid have scarcely taken 20 c.c.’s of the soda solution, 
and again it will be necessary to add the necessary quantity 
of water to the soda*solution to make up the deficiency. After 
doing so check the finislj^d solution, and if now 20 c.c.’s of acid 
require 20 c.c.’s of the sodium hydrate solution to neutralise 
them, the solution may be taken as correct. 

In order to avoid confusion it is desirable to have the burettf 
for the normal sulphuric acid with a glass tap and«the one for 
the normsd solution of sodium hydrate with the usual india- 
rubber tubef glass-pointed tube and brass clip, the two being 
hdd in*a suitable douWe burette stand. ^ 

very*' suitable apparatus in whjch*to .malfe tire test is 
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slip^ inr Fig. I. a is a flask oi heat-resisting glass of about ij 
litres’ capacity, having an india-rubber stopper with two holes. 
Through one of these is inserted the separator marked b, of 
about 50 c.c.’s capacity, andchaving a glass tap as shown. 
Through the other hole is inserted a leading tube with two 
small bulbs in it, c. By india-i^ber tubing this is connected 



to the inlet tube, d, of the second flask- Tliis is formed from a 
pipette of about 100 c.c.’s capacity, and it is inserted through 
one of two holes in the india-rubber stopper of the second 
flask, e. This flask is about 700 c.c.'s capacity. In the 
second holgi a calcium cliloride tube, /, is placed, the small tube 
at tl^e bottom having been previously bent at a slight angle 
as shown. This tube should be filled with broken pieces of 
glass. TheN)bject of ^he tubes, c and is to prevent® dangej 
of the wnteflts of the <iask, e, being S3^honed ba«k injo the 
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flask, a, through draughts in ttie laboratory, while the obj#ct 
of the calcium chloride tube, /# is^to catch any slight splashes 
that may be thrown ofl from the flask, c. 

To make the tests, the sam*i)le of the sulphate of ammonia 
is ground up in a mortar, ihoroughly rhixed up, and three 
samples of 2 j grammes eacn C£y;efully weighed out on the 
•balance. • 

The first saqjple is washed into the flask, a, through a glass 
funnel, with water. Into the flask, e, is carefully measured 
40 c.c.’s of the normal sulphuric acid and a little distilled water 
added. The apparatus is now connected up, and through the 
separator, h, is added about 50 c.c.’s of strong sodium hydrate 
solution, care being taken to close the tap as soon aj^hr solution 
has passed through. A little water is tlie'n ruir through the 
separator to clear the tap, the bunsen burner i^lighted, and 
the distillation carried on for about an hour. At the close of 
this time, on removing the stopper from the flj^sk, a, there 
should be no smell of ammonia, nor should the steam issuing 
from it turn a litmus paper blue. Instead of removing the 
stopper from the fljfsk, a, the apparatus may b(' conveniently 
disconnected between c and d. The contents of the flask, e, 
are now allowed to cool (this may be accelerated by allowing 
cold water to run over it), and the contents are thin transferred 
to a porcelain dish. Methyl orange solution is then added, 
andrfiormal aedium hydrate solution run in until the contents 
of the dish are just neutral, this being shown by the colour of 
the solution bc^g neither distinctly pink nor yellow. A reading 
of the number of c.c.’s of the normal sodium hydrate required 
Ipo achieve this result is carefully taken, and this quantity is 
deduct^^ from the 40 c.c.’s of normal sulphuric acid originally 
taken. The difference is multiplied by 0.017 being the 
quantity of ammonia that i c.c. of either the acid #r soda solution 
is equivalent to), and this result afain multiplied by ^o,*when 
the result will show the percentage of NH3 contained in the sul- 
phate of ammonia. 

• The following example will make this clear : — 

Normal sulphufic acid 

taken . . ^ . 40 c.c.’s 

Normal sodium hydrate 
solution required to 
neutralise . .4.0 

• 

Difference . 36.0 x .017 x 40 = 24.48% 

To*ascertain the moisture the second 2J gramjjies is taken 
and dried in a hot-w 5 ter bath for abou^ ^our hoi^rs. ^t is then 
re-'^ighed and the weighing again booked. ' It is put back for 
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another Half hour and again weighed. If the third weighing is 
the same as the second it thus found to be perfectly dry ; 
if not it is again put back and allowed to remain until the 
weight is constant. The differefice between the original weight 
and the weight when dry will, of eourse, represent the amount 
of moisture present, and this nfultiplied by 40 will give the 
percentage. Example : — ^ 

Grammes. 

2j grammes of sulphate ammonia and' 

watch glass 12.500 

Second weighing, say, 12.440 
Third weighing 12.425 
Fou^tl^ weighing I2.4::5 

Loss . 0.075 X 40 

= 3.00% moisture. 

To ascertkin the amount of uncombined (or free) acid present, 
the third 2J grammes is dissolved with distilled water in a 
porcelain evaporating dish and neutralised with the normal 
sodium hydrate solution from the burette, methyl orange again 
being used as the indicator. The quantity of sodium hydrate 
solution use^*is multiplied by 0.049 (this being the amount of 
sulphuric acid that i c.c. of the normal sodium hydrate solution 
is equivalent to) and again multiplied by 40, wl^en the result 
will show the percentage of the uncombined acid present in the 
sulphate of ammonia. - 

Example : — 

Quantity of normal sodium hydrate required — 

0,2 c.c. X .049 X 40 = 0.392% free H2SO4. 

For this last test, if greater delicacy of testing is required, it is 
advisable to make up another standard solution of sodium 
hydrate’ by taking 100 c.c.’s of the normal solution and adding 
to it 900 c.c.’s of water. The strength of the solution is then 

spoken of a^ deci-normal ^ and i c.c. is then equal to .0049^ 

of sulphuric acid only. The calculation would then require to 
be, of course, altered accordingly. * 
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THE RAW MifrERIALS : AMMONIACAL LIQUOR, SULPHURIC 
ACID AND LIME 

Ammoniacal Liquor , — Practically the whole of the sylphate of 
ammonia produced is made from ammoniacal liqjjo^^ obtained 
from the following sources 

Gasworks. 

(6) Coke-Oven Plants. 

(c) Shale Works. 

(c^) Blast Furnaces in Iron Works. 

From a practical standpoint the liquors from the first three 
of these sources present many points of similarity ; tftey all 
contain ammonia, COg and HgS, and differ chiefly in their 
strength, that produced in gasworks usually being the richest 
in ammonia, while that produced from coke-oven pfents contains 
only about half the quantity of that from the gasworks, and 
that* produce?! from shale works is even weaker still. In the 
annual report ^f the Chief Inspector under the Alkali, etc.. 
Works Act, lor 1896, much^ interesting matter regarding 
amiAoniacal liquor is given and in a table in the Appendix 
Sre given comparisdiis of the constituents of tlje different types 
of liquDT, the information for these being extracted from the 
Alkali Inspector’s report above mentioned. * 

In passing, we may say that the sulphate of anflnonia industry 
is deeply indebted to Mr Linder, 8ne of the assistants 5 f the 
Chief Inspector, for the many careful analyses of ammoniacal 
liquor which he has made during the last few years, and the 
Seductions which he has drawn from them, which have been 
published in the Chief Inspector’s reports for the years 1903-4-5 
and 6, and which will \^11 repay perusal. 

Ammoniacal liquor is a very complex substance, the ammonia 
•existing under various combinations. For practical purposes, 
however, they are classed under two divisions : — 

{a) Volatile, or as it is frequently, but erron<iously, callecT 
“ free ” — ^that is, those combinations of ammoqja that 
• can be volatilised by the application of steam, and, 

(6) Those comfJhiations of ammonia thaf r^uire the 
^addition of an alkali such as liftie to liberale them. 
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llndtfr the former headiiig fe classified : — 

Free ammonia (the presifnde of ammonia in the free state in 
animoniacal liquor is exceedingly doubtful, and, if it 
exists at all, it can only be in very newly made liquor) 
Ammonium carbonate Ammonium hydrosulphide 

„ sulphide, r ^ „ cyanide. 

Under the latter heading is classified : — 

Ammonium sulphate Ammonium thiocarbonate 

,, sulphite „ sulphocyanide 

,, chloride „ ferrocyanide. 

thiosulphate. 

Analysis 

Specific draviiy . — The specific gravity of ammoniacal liquor 
is usually expressed in degrees Twaddel (Tw.) at a temperature 
of 6o° Fahri This is ascertained by means of the hydrometer, 
the most suitable form for this purpose being one made with a 
large bulb and the scale marked in from o° to io° Tw. As 
very few hydrometers arc absolutely corre(^t, it is always advis- 
able, before putting a new one into use, to check its correctness 
by means of the specific gravity bottle. 

To do soi* first weigh a 50-gramme specific gravity bottle on 
the balance to ascertain its tare. Then fill with distilled water 
at 60° Fahr. and weigh again. The difference 'will givt the 
weight of water actually contained. This precaution is very 
necessary, as it is rare to fin^ that the bottle actually con- 
tains exactly the 50 grammes marked on it. The bottle is 
then rinsed out ^ with the ammoniacal liquer to be tested, fill^ 
— the ternperature being exactly 60° Fahr. — and then rew^eighed. 
The difference between this last weight and the tare of the bottle 
will, of course* give the weight of the liquid being tested, and if 
this be divided by the weigVit of the water actually contained in 
the bottle, the result will give the specific gravity of the liquor.. 
The following example will make this clear : — 

GranundS). 

Weight of specific gravity bottle aijd distilled 

water 75-917 

Weight of specific gravity bottle eil^pty . . 25.926 

Weight of water .... 49.991 

K 

iVeiglitiof specific gravity bottle full of ammoniacal 

c liquor being tested 77-5x6 

kVeight of en^Dty specific gravity bottle * * . *25.926 

I t - . . aj 

Weight oi ammoniacal liquor . 51^90 
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51.590 X 1000 49.991 ~ lo^E.Q^ The specific gravity* 
the ammoniacal liquor being te^ed is therefore 103 1.9, taking 
water as being 1000. To ascertain*from tliis the strength that 
the Twaddel hydrometer should %how, deduct from the specific 
gravity shown 1000 and divide the remainder by 5, when the 
result will be the °Tw. In thi^;ase^thc calculation will be 

1031.9 
less 1000 


5 ) 31.9 


6.38 

6.38 °Tw. is the correct reading, and a comparison the actual 
reading on the hydrometer will show the correction to be made 
in future readings of the hydrometer at that strength. If this 
is done with the various strengths of liquor likely ^0 be tested 
with it, and a scale of corrections prepared, it will remove one 
of the most fruitful sources of difficulty in agreeing upon the 
strength of liquor. • ^ 

Otmee Strength . — ^The term “ ounce strength ” is applied to 
the number of ounces of pure sulphuric acid required to neutralise 
I gallon of the ammoniacal liquor being tested, aiijj the test as 
formerly made formed a rough-and-ready method of gauging 
the ^rength and value of the liquor. The test, however, as 
made only took into account the volatile ammonia, and the point 
when neutrality jR^as reached was anything but easy to determine. 

It is therefore much better if) adopt the modern method of 
distilling for total anjponia, which will shortly be described, and 
multiply ^the result by 4.61, when the result will*be the accurate 
ounce sfrength. • 

Generally speaking, the ounce strength is, rpughly, about 
double the °Tw. strength ; but it wil||be readily seen that with a 
substance so variable in its composition as ammoniacat liquor, 
such a statement can only be taken as being very approximately 
correct. 

Total Ammonia.^'Fox the purpose of testing the total 
amount of ammonia present, the apparatus shown in Fig. i, 
in the preceding chapteif may be employed with advantage. 

10 grammes of the ammoniacal liquor to be tested is care- 
fully weighed on the balance, in a small beaker, and transferred 
to the flask, a. A little water is added, 15 c.c.’s of the norm^ 
sulphuric acid are placed in the flask, e, and a littlt water also 
added. About 10 c.c.’s of strong sodium hydrate soluti^ are 
then njn throu^i the separator, b, and this then rinsed out 
with water. The rerJikinder of the opemtions ar^*th^ exactly 
the jlme ^s in testing for ammonia in ihe* sulphate of mmmonia, 



10 MANUFACTURE OF ^SULPHATE OF AMMONIA 

tjie only difference being win Hhe calculation. The following 
example will make things clear and will also give the necessary 
calculation : — 

10 grammes ammoniacal liquor taken. 

C.C. 

Normal acid used 15. p 
Normal sodium) ' ' 

hydrate used / 

Difference . 12.9 x 0.017 x 10 = 2.193% NHg 

present iii the sample. 

Instead Of weighing the 10 grammes, 10 c.c.’s may be measured 
from a p’tp^te — care being taken that the capacity of the pipette 
is as shown ^on it, or a suitable correction made — and the result « 
will then require a correction as follows : — 

The result will require to be multiplied by 1000 and dividing 
by the specific gravity of the liquor (this being obtained by 
taking the strength shown by the hydrometer, multiplying by 
5 and adding 1000). 

E^jiarnple : — 

10 c.c.’s ammoniacal liquor taken showing 5° Tw. at 60° Fahr. 

t C.C. 

Normal acid taken 15.0 
Normal sodium) 
hydrate taken / ’ 

Difference . 12.9 0.017 xio = 2.193 grammes 

NHg in irhe 10 c.c. 

Specific. gravity 5° Tw. x 5 + 1000 ■= 1025; 

2.193 X 1000-M025 = 2.139% NHg present in sample. 

Volatile Ammonia. — Tk^ test for this is made in exactly the 
same ifianner as for the total ammonia, except that in this ca^e 
no sodium hydrate solution is added to the contents of flask, a. 
Care should be taken that no soda is left in the flask from'‘a 
previous distillation. Common hydrochloric acid (spirits of 
salts) wiU be found very useful for cleaning out the flasks. 

Fixed Ammonia. — By subtracting the volatile ammonia, 
from the total ammonia the amount of fixed ammonia is readily 
obtained. 

^ Sulphuretted Hydrogen. — ^To test for this substance a solutidh : 
of ammonk-cuprous sulphate is required. This is made by 
dissolving, say, 25 grammes of pure copper sulphatf in nearly A 
litre of water anckadding ammonium hydrate until the precipitate 
first formed re*dissplved and then making up the solution"to 
ex;actly qne htfe. 
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To standardise this solution, thke«20 c.c.’s of it and precipi- 
tate the copper with potassium hydrate (the quality known 
‘‘pure by alcohol”) solution. Traiisfer this precipitate on to 
a filter p^er and thoroughly \fesh with distilled water until 
neutral. Then dry the precipitate on the filter. Tare a porcelain 
crucible and ignite the precipimte over it, transfer the ignited 
precipitate to the crucible and igmte at a low heat for some time, 
adding a single d|;op of pure nitric acid to the ash. Cool under 
a desiccator and weigh again. The difference will be the weight 
of copper oxide (CuO) present in the 20 c.c. 

Grammes CuO x 32-^20-79.12 = value per c.c. of the 
solution expressed as equivalent to sulphur m the HoS. 

In obtaining the tare by the above method/ a drymer paper 
should be burned and ignited in the crucible in the stlme manner 
as the precipitate is treated, and included in the weight of the 
crucible. ^ 

To test for HgS in the ammoniacal liquor, 10 grammes are 
taken, placed in a porcelain evaporating dish and diluted with 
a little water and a little .88o’s ammonia. The copper solution 
is placed in a 50 c.c. burette and slowly run into the liquor in 
the evaporating basin until the precipitate formed begins to 
coagulate and a very slight blue colour is observedtfor a slight 
distance round the edge. The number of c.c.’s used is then 
read #ff, x b^ the value per c.c. x 10, and the result is the 
percentage of sulphur present in the liquor as HgvS. 

Example 

10 grammes of ajpmoniacal liquor taken. 

Copper sulphate solution required 15.5 c.c^x .0032 (value 
per c.c. of solution) x 10 = 0.496% sulphur ae HgS. 

The other substances present in ammoniacal Bquor are not 
so easy for the beginner to analysef and a full dcscrijjtioli of 
them would take up too much room in our handbook. Should 
the reader desire to make a complete analysis of the constituents 
of the liquor, he is referred to the fortieth report of the Chief 
Inspector under the Alkali, etc.. Works Act, for the year 1903, 
pages 3 i- 39 » where Mr Joinder gives full particulars for the 
necessary work in a very clear and concise manner. 

Sulphuric Acid . — ^This is a. liquid of heavy density having 
the following formula : — • 

H2SO4, 

which combines with many bases, forming a series of well-defined 
salts. Jo Ae fouch it has a somewhat oi]jr feel, hence its 
popular name of ‘‘ oinjf vitriol.” It is intensely ^Corr^ive and 
niust^herefore be handled with care. « 
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It i<> made from four different sources of sulphur, viz. : — 

(а) Native brimstone or Recovered sulphur. 

(б) Spent oxide. 

(c) Pyrites. 

Of these the sulphuric acid nlade from native brimstone or 
from the “ recovered sulphur ” from the alkali process fis 
best, but it is too expensive for sulphate of^ ammonia making 
and is used only for laboratory purposes or for other purposes 
where great purity is required. 

The acid made from spent oxide is very suitable for sulphate 
of amnionia manufacture, and as most sulphate of ammonia 
manufapti^jrers arc more or less intimately connected with the 
gas industry, they will no doubt have a leaning to that source 
which is connected with that class of works. 

The acid made from pyrites is generally known as “ stone 
acid,” and,.is divided into two qualities, viz. : — de-arseniated and 
ordinary. ' vSo long as it is fairly free from arsenic it is suitable 
for the manufacture of sulphate of ammonia, but- should arsenic 
be present in appreciable quantity, the sulphate of ammonia 
produced from it is of a more or less brown colour, and does not 
usually sell at so high a price. 

Each kmd of acid is supplied in three different qualities, 
viz. 

[a) R.O.V. (rectified oil of vitriol) or D.O.\^ (double oil of 
vitriol), both names being used for the same quality 
of acid. 'This quality of acid ^'s prepared by 
heating in either reVorts or dishes and is the com- 
mercially pure article. It has a, a specific gravity of 
1.845 taking water as i.ooo, this being equivalent to 
169° Tw. at 60° Fahr. This quality is too expensive 
to use in sulphate of ammonia manufacture. 

>(&) B.O.V. (brown or^ of vitriol). Where acid has to be 
purchased this is the quality of acid that is usually 
used in the manufacture of sulphate of ammonia, in 
order to save carriage. In winter it is usually supplied 
of a strength ranging from 1.720 to 1.730 specific gravity 
(144° to 146° Tw. at 60° Fahr.), as if it exceeds the 
higher strength its liability \o freeze is much greater. 
In summer the usual strength supplied ranges from 
1.730 to 1.740 specific gravity (146° to 148° Tw. at 
60° Fahr.), as at that season there is no danger from 
frost. 

/c) Chamber acid. This acid generally ranges in strength 
from al^out 1.500 to 1.600 specific "gravity ^100° to 
120° Tw. at 60° Fahr.), and if the sulphate of amm6nia 
Us made in the. works where the sulphuric acid^s also 
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made, this is a very coiv^enient form in which to use 
it, as it saves the cost of coitcent rating the acid to tht 
B.O.V. strengths. • • 

A table will be found in the Appendix giving the percentage 
of real acid contained in dilute acid of the various strengths. 

The acid supplied to the sulphate of ammonia manufacturer 
i| usually of a brown colour, andjf placed in a glass jar in small 
quantities, the best acid shows only a very slight trace of this 
colour. It shoulfl be fairly clear and should not show more 
than a minute trace of nitrous compounds. 

Lime . — As mentioned under the luading of “ Ammoniacal 
Liquor ” the non-volatile ammonias present require the addition 
of lime in the form of milk of lime, as well as steam, ie “order to 
expel them from the liquor. For this purpose therwnter has 
►used lime from Silverdale, in the Furness distrioi, from the 
Skipton district in Yorkshire, from the Buxton district, from 
the Clay Cross district in Derbyshire, and from the Dudley 
district near Birmingham, and no doubt many sifhilar limes 
may be obtained in various parts of the country. The lime 
supplied from each qf the above districts is very similar in 
quality, and the following analysis (made in the laboratory of 
the Nechells Chemical Works, Birmingliam) may be taken as 
typical of any of them : — 

Total lime (estimated as CaO) (of this quantity 
* 92.4% represents the quantity actually exist- 


ing as <^6, this being effective portion) . 95.4 

Iron and alumina . . # • • • . .94 

Silica ........ 1. 14 

Water and carbdfi dioxide . . . ^ . 2.52 

•• 


100.00 

• ' 

The analysis of lime is rather be5t)nd the tyro in chemistry, 
but should he desire to try, he is referred to more prefentious 
books than the present one for full particulars. 

* The sampling is somewhat difficult, and should be carried 
out in a manner similar to that in which a truck of coal is sampled 
for experimental purposes. As a truck of lime is being emptied 
a little should be broken off a lump occasionally and a fair pro- 
portion of any small that may be present added. When the 
whole of the samples have been drawn they should be intimately 
mixed and about a bucketful removed, the rest being discarded^ ^ 
The bucketful should then be broken up into small lumps, 
intimately ijiixed and about i lb. taken, the rest again t)eing 
discarded. This pou^l should then be coartely jground in a 
mortar, aefain intimately mixed and £fbout 4 QuncofB taken. 
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antd ground to very fine powder. This will then be the sample 
for analysis. Even after Ml these precautions have been taken, 
it may happen that, throijgh' an undue proportion of unbumt 
lime having been included, thf. sample does not fairly represent 
the bulk, and may be very misleading to the purchaser. The 
writer remembers a case where^ after taking all the above pre- 
cautions, a sample showed only about 65% of CaO, whereas 
there was every reason to believe that the bulk was of tBe 
average quality, containing about 92% of CaO. 

Fortunately there is a very ready method of ascertaining 
the approximate purity of the lime being used, viz.— to weigh 
the lumps of undissolved lime removed from the lime mixers 
and to calculate the % they represent on the lime used. 
During period of six months, in the works with which the 
writer was ^connected, this undissolved lime represented 2.25% 
of the lime used, and during another similar period 2.30%. In 
ordering the lime it should be specified to be best hard burnt 
and hand ficked, and should the proportion of insoluble lime rise 
much above the quantity indicated above, there is just cause 
to complain that the lime is insufficiently burnt. 

K lime is kept for some time and 'allowed to “ fall ” its 
efficiency for sulphate of ammonia manufacturing purposes is 
decreased, -so that it is obvious that it should travel in well- 
sheeted trifbks and be stored under cover in a dry place. 

If too much alumina is present in a lime there will be a 
tendency to its becoming pasty and not travelling so faf^ down 
the still, thus tending to choke up the still j^nore rapidly and 
also not liberating the non-volatile ammonias "so readily. 
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PLANT REQUIRE!^ FOR THE MANUFACTURE OF SULPHATE OF 
AMMONIA ; GENERAL DESCRIPTION — SUPPLY OF AMMONIACAL 
LIQUOR — ^TACHOMETER — SUPERHEATERS 

We will now proceed to describe the plant which is ©ecessary 
for the manufacture of sulphate of ammonia. / • 

The frontispiece shows the plant in use 'at the Wrexham 
jasworks. This plant includes provision for Sealing with 
the waste gases either by purification by passing through an 
oxide of iron purifier or, as an alternative, burning^ them in a 
Claus kiln and converting the sulphuretted hydrogen into 
sulphur, also a settling tank to remove the bulk of the spent 
lime before the wastef liquor is allowed to enter the sewej. 

It ^11 be seen that this plant consists of a suitable tank for 
supplying the ammoniacal liquor to the still, a superheater 
for heating the liquor previous to its entering the itill, the still 
with its liming arrangements, the saturator, the condensers 
for further cocking the waste gases after leaving the superheater, 
so as to enable the oxide of iron purifier or the Claus kiln to deal 
effectively with ^hem, suitable tanks for storing and supplying 
the sulphuric acid, a draining taole for the sulphate of ammonia 
it leaves the satiTator, suitable storage accommodation in 
which t^ allow the sulphate of ammonia to relnain and drain 
until it is fit to be packed into bags for delivery, a mother liquor 
ta^k to collect the drainings from the sulphate of ammonia 
and thus enable them to be work#! up again, a seal pet to 
prevent the escape of live steam with the waste liquor, ^settling 
tank to remove the excess of solid material before the clear 
ifaste liquor is allowed to enter the sewer, and, of course, a 
suitable steam boilw for raising the steam necessary to effect 
the distillation of the ammoniacal liquor and to supply the 
motive power to work^he necessary pumps and injectors for 
the plant. 

Ammoniacal Liquor Supply, — k very efficient method gf 
suppl 5 dng the plant with ammo^^iacal liquor, where the buildings 
are adapted for its erection, is to pro^dde a caSt-iron tank 
sufficiently ^iglj to supply the ammoniacal liquor to the still 
by gravitation.- Such a tank can readily »be erected upon 
. girders placed upon me walls of the building, an^ shguld be of 
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su^icient capacity to hold seyeral hours’ supply. If this tank 
ie square or oblong and a float is connected with a gauge placed 
inside the building, it affords a ready means of gauging the 
supply to the plant, and the a^moniacal liquor can be pumped 
up to it at suitable intervals. To prevent the escape of am- 
monia it is desirable that such a^itank should be covered in. A 
suitable covering consists rof 3^-inch planks joined with hoop 
iron tongues, and bolted to the sides of the tank. A smail 
opening in this cover should be left, say a circular hole with a 
short length of cast-iron flanged pipe bolted over it, to allow 
for vent when pumping into or feeding the still from the tank. 

In cases where such a tank is provided it is desirable to 
place a small regulating tank on the pipe before it enters the 
superhep-tdl, this tank being controlled by a ball-cock, care 



Fig. 2.— Tachometer. 


being taken that this ball-cock and its float arc made of iron, 
as the ammoniacal liquor speedily acts upon copper or brass. 
Such a regulating tank is j laced at a sufficient height above the 
superheater to feed by gravitation, and on the pipe connecting 
the base of this regulating tank with the base of the superheater 
is placed a cast-iron gland cock to regulate the supply. If^a 
quadrant is attached to this cock it is of considerable use in 
regulating. (We would point out that cocks intended for use 
on ammoniacal liquor should have glands sufficiently deep 
to take at least two rings of packing, and if the taper of the plug 
is somewhat great it greatly facilitates the prevention of sticking^ 
and consequent trouble in opening and shutting the cocks.) 

In cases where a tank such as has been described cannot 
readily be erected, the ammoniacal hquor may be pumped 
directly from the underground or other s+orage tank into the 
base of the spperheatei. When this is done, great care should 
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be taken to see that the pump works very steadily, .as aiw 
irregularity of working leads to high ” waste liquor samplife 
and consequent heavy waste of ammonia, if the pump is working 
too quickly, or in the reverse c^e, when the pump has slowed 
down, to an excessive quantity of steam and lime being used 
unnecessarily. % 

^ An instrument of considerable dse in regulating the speed 
of this pump is the tachometer shown in Fig. 2, made by Messrs 
Schaffer & Bucfenberg, Limited. This little instrument is 
worked by means of a light countershaft, a pulley on which is 
run by a light belt from the flywheel (d the pump, and a second 
pulley and light belt connecting the countershaft to the pulley 
on the tachometer. On the shaft of the tachometer fs a small 
but heavy brass ring, and the greater tlic «peed at wRich this 
' shaft is driven the greater will be the tendency oi this ring to 
assume a vertical position. As the ring moves the motion is 
conveyed to the pointer on the dial and also to a second lever 
bearing a pen, which records upon a revolving drurfi the speed 
at which the pump has worked during the whole of the twenty- 
four hours. It thus pot only indicates very accurately, to the 
man in charge of the plant, the speed at whicli the pulnp is 
working, but also registers any irregularity, and enables the 
manager to take the matter up with the defaulting parly. 

Superheaters . — In a sulphate of ammonia plant the super- 
heatej^ is used ^o raise the temperature of the ammoniacal liquor 
previous to its entering the still, thus economising fuel and 
also increasing tjie capacity of the still to deal with the liquor. 
For this purpose the waste gasesftrom the saturator are utilised, 
an(i as it is necessarv that these gases should be cooled in order 
to fit them for the lurther treatment mentioned later on, it 
wiU be s 5 en that a double object is achieved by th% use of a 
superheater. 

The form commonly used is showp in Ing. 3 (page 18). ,The 
reader will see that it is practically the familiar “ battery " 
condenser, erected vertically. It consists of a shell and per- 
forated horizontal plates of cast-iron, fitted with wrought-iron 
tubes, the joints bet\yeen the ends of the tubes and the perforated 
plates being made by expanding the ends of the tubes in the 
usual manner. 

The ammoniacal liquor enters the bottom chamber, a, 
through the tube, h, rises through the wrought-iron tubes to 
the middle chamber, c, then through the second set of wrought^ 
iron tubes to the top enamber, 3 , whence it ovei^ows alon^ 
the pipe, e, to the top chamber of the still at a tempe^ture 
approaching 20(f Fahr. The waste gases from the saturator 
enter the pipe, /, afte^passing through a fcafiie tox «w]||ch arrests 
anyjacid spray mechanically carrie 4 forward. •Tn|fSe baffle 
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boxes usually consist of a short tube of large diameter, lined 
^ith lead, and in the cavity thus formed a number of circular 



Fio. 3.— Vertical Superheater. 

perforated lead discs pxe placed, againsf'^which the wet 
impinge.V The condensings from the baffle box are ledi^ac^ 
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through a trapped tube to thctsaturator. After entering •the 
superheater the gases play upon thft outsides of the wrougM- 
iron tubes in the chamber, g, theti ak)ng the pipe, h, through the 
chamber, i, where they again |)lay upon the outsides of the 
wrought-iron tubes and finally leave along the pipe, /, on their 
way to the condensing plantA^ 

The hquid which condenses in the chambers, g and i, from 
the waste gases is of a very disagreeable nature and is known, 
somewhat approt)riately, as “ devil water.” This is led away 
to a suitable seal pot, such as the one shown in Fig. 4, and 
then dealt with as described later on. 



As there is a certain amount of^expansion and contratition 
in starting up and stopping the plant, fears have been expressed 
that this would speedily lead to serious breakages in the v^Tought- 
iit)n tubes, but during nearly ten years’ experience with them 
the writer experienced very httle trouble through this cause. 
However, to meet the difficulty, Messrs Clapham Bros., Limited, 
introduced an improve?! form of superheater in which the 
bottom ends of the wrought-iron tubes are secured to the bottom 
perforated plate by a nut on the top side of the plate and another 
underneath the plate. The iops of the tubes pass through 
stuffing boxes, packed in the usual manner. This removes any 
fear of the iub^ being injured by expansion or contractidn. 

In works where ^.fair amount of room is* a viable for the 
^ sulphate of ammonia plant, an efficient superhcatej^ may be 
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made from an old-fashioned egg-ended boiler or a disused steam 
m the eifds Ssmtably blanked up. Inside, a coil is foi^^ 
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2-inch or 3-inch wrought-iron pipes, #he connections beihg nuiijje 
with malleable iron double beads^ Such an arrangement is 
shown in Fig. 5, In Figs. 6 and 7 are shown sketches of these 
double bends used in the worls with which the writer was 



connected, and the sizes given are found to be ve^ convenient 
ones. They jre cheaper and more durable than wrought-iron 
bend?. 

In the pipejeading from the superheater to the still, it is 
desirable to place a socket for a»thermometer, in order that one 
may be inserted, as the information furnished from this source 
is of considerable us^ in regulating the working^ 
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PLANT REQUIRED FOR THE MANUFACTURE OF SULPHATE OF 
AMMONIA (continued ) : walker’s, colson’s and davis’ 
STILLS 

A good circular still is shown in Figs. 8, 9 and 10 (pages 

23, 24, 25). It is made by Messrs C. & W. Walker, Limited, 
and consists 6f a number of cast-iron sections, the joints some- 
what resembling those of spigot and socket pipes, the whole 
being brace^ together by a number of long vertical bolts. 

The joints are made of “ Vulcan ” (sometimes locally known 
as “ Scotch ”) cement, liberally mixed with hemp gaskin (spun 
yarn) /:ut up -into short lengths, the whcle being thoroughly 
mixed up into a very stiff putty with boiled linseed oil. If this 
putty is carefully made it will be found to be a very effective 
jointing mat^al, and steam may, if necessary, be turned on as 
soon as the joint is made. In cases where the joint blows it 
is usually found that the putty has been made toe thin. « 

Underneath the nut at the top of each long vertical bolt 
is inserted a strong spiral spring. These allol; for expansion 
and contraction in starting and stopping the plant, and if care- 
fully adjusted they act as very effective safety valves, as if the- 
pressure gets to6 high they would allow the top to lift a little 
and the joiiit to blow. 

The ammoniacal liquor enters the still from the superheater 
a.long'the pipe marked a in‘Fig. 8, fills the top chamber to the 
level of the overflow pipe marked 5 , flows down this into the 
second chamber and similarly through each succeeding chamber 
until, as waste liquor, it reaches the outlet in the bottom chamb^*^ 
of the still. ‘ By the time the liquor reaches the liming chamber, 
c, the bulk of the volatile ammonia has been driven off by the 
steam. Into this chamber the milk of Lme is pumped through 
the pipe, d, and mixes intimately with the ammoniacal liquor in 
tips and the succeeding lower chambers, and thus, with the 
fSjeam, effects the liberation of almost the whole of the remaining 
ammonia. * 

The bulk of the steam enters the still through the pipe ip 
the bottom chamber, marked e. Just after entering the chamber 
a tee is placed“^n the pif e and in each branch is screwed a seini- 
circukr pi!5)e perforated .en the side facing the centre of?the 
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chamber with a considerable number small holes, thus dividing 
up the steam into a number of ^mall jets. The steam pas^s 



fTio. 8. — C. & W. Walker Ammoniacal Liquor Still. 

Upwards through l^e liquor in this i)ottom chamber (being 
pr^i'ented from passing away with# the .waste* liq\jor by the 
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intervention of a seal pot pr other suitable device in the waste 
li^or pipe), gathers in the upp^r portion of the chamber, passes 



through the owl opening^or pipe,/, in the bdfiom of the chamber 4, > 
above, an^ by ‘'means of t|ie distributor, g (aptly called by^Jfhe 
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workmen a “ crocodile *’), is divided Jinto a very large fnimfier 
of small jets, which pass through the liquor just beneath its 
surface and carry with them the amnfonia, etc. This is repeated 
chamber by chamber until the sream and gases issue from the 
top of the still through a bafi^ box, h, of similar construction 
to that previously described (plige y), to the saturator. The 
cyndensings and any spray cartied forward mechanically are 
automatically returned to the still through the syphon pipe, i, 
A second steam supply, /, similar in construction to that 



Fig. 10.— C. & W. Walker Still. Plan of a Chamber. 


described above, entg*s the lower portion of the liming chamber, 
but the use of this is quite as much to agitate the contents of the 
chamber, and thus sccui% an intimate admixture of the milk 
of lime with the ammoniacal liquor, as to directly assist in the 
liberation of the ammonia. 

’ Fig. 9 shows two chamber' of the still drawn to a larger 
scale and Fig. lo a plan of one of them. The references in, these 
two plans are the same as in Fig. 8. 

The 4;ibs,^^, sltown, in Fig. lo defleci; me steam upwaras ana 
prevent the jets from the teeth of the different pqftions of the 
distrijutor playing against each other, M^hile- the small blocks, I, 
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assist iif the setting of the^distributors in position when erecting 
the still. 

It will be noticed that the^ overflow pipes in the chambers* 



Fig. II.— Colson Still. Section of Chambers. 


are on alternate sides, thus obviously causing a longer flow of’ 
the liquor and consequently a more efficient contact with the 
steam. < 

A central rod passes through the still on which a number of 



blocks and the s^eam distributors are threaded.* B^Mhe/emo^ 
of the top box, m, akd the insertion of^ a, screw arrangemea^l' 
proyidedLby the makers, the rod and its appendages can be 
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Jthe idea being to provide a ready meafis of temporarily cleanup 
the still, but as it was not found to york very satisfactorily, in 
the later types of stills it has b^n superseded by much more 
efl&cient arrangements. 

The still shown in these drawings is 18 feet 2i inches high 
in the ironwork and 4 feet intenial diameter. 

• About the time that this stilPwas placed upon the market, 
several others were introduced by various makers. They 
differed from the Walker type chiefly in the method of joining 



Jthe sections, in the shape of the steam distributors, and in the 
arrangements of their overflow pipes. 

^In Figs. II and 12 (page 26) the still invented by the late 
Mr Alfred Colson, of.the Leicester gasworks, and manufactured 
by Messrs Ashmore, Benson, Pease & Co., Limited, is shown. 

As is the case with Mbssrs C. & W. Walker’s still, this dso 
Consists of a number of cast-iron sections, but instead of a spigot 
and socket arrangement and a cementing material for the joints^ 
in this case in the top of each section there is a square groove,^ 
a, in which fits a ring made of square india-rubber corti, standing 
above the ‘mrrounding metal. The joint is made by cutting 
the , eni diagonally »,and cementing them together with the 
soltttkm used for repairing punctures in* bicycle If the 

'groo^ is painted with blacklead (graphite) made up with water, 
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tefore the insertion of th* india-nibber, it much facilitates the 
Jhis requires to be done. The whole 
stiU IS bolted together with vertical bolts passing through lugs 
on the top and bottom section^ but these bolts are not provided 
Wth spiral springs, as is the casq^with Messrs C. & W. Walker’s 
stilh nor are they made Jong 'enough to receive them. The 
^kers would no doubt be qilite willing to make them longer 
and to pro^de the spiral springs if requested ,fo do so, and the 
wnter would strongly recommend this being done 



The steam distributors, h, known as ” roses,” are sha^d 
somewhat like a mushroom and have a ring of holes on that 
under surface to divide the steam into a large number of jets. 
They slide over the steam and gas pipfe and a slight turn locks 
them by means of a bayonet catch.” 

, In one set of trays the liquor overflows, c, are larger and 
^.central in position, and in the dternating trays they are smaller 
and placed*near the circumference of the still, d. By this means 
the liquor is very nicely distributed and very effective contact 
with the steam is secured. ^ , 

^3 (pages 27, 28) are shown details of thd* 

still supiAed by Messrs Davis Brothers. In this still the scions. 
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have planed flanges and are bdted^ together, the cementfhg 
material being either the famili^ mixture of red and while 
lead or the “ Vulcan ” cement previdUsly mentioned. 

The steam distributors are oi^ somewhat peculiar shape and 
are known as “ spiders.’" Thdr teeth (not shown on the draw- 
ings) are square in shaoe. The^distributors are bolted down to 
the trays as shown. I'he liquor lovefflows alternate in position 
as shown. 

This still was* practically the first column still to be intro- 
duced into this country and is made in sizes from 2 feet to 6 feet 
n diameter, making from five to fjrty tons of sulphate of 
.mmonia per week from 10 oz. liquor. * 

Though the various types of stills described in t> 4 ?!j^hapter 
lave been at work for many years they are still working very 
ilficiently, their chief drawback being that they* are not so 
ionvenient to clean out as those of more recent type. 

■ The length of time they will run without cleaning qjit depends 
;hiefly upon the composition of the ammoniacal hquor used 
ind the efficiency of its decarbonisation before entering the 
iming chamber. Thg writer’s experience in Sheffield ^some 
^ears ago with stills made by Messrs C. & W. Walker, Limited, 
vas that they ran about twelve or thirteen weeks between 
cleaning out and cleaning out again, the stills running con- 
inuously without stoppages during the whole of the time. 

V^en the ^ill requires cleaning out it is necessary to take it 
to pieces, and for this reason it is desirable, when first erecting 
the stiU, to rral^ provision for this being done by leaving a 
space sufficiently large to pile the sections in column as close 
to the permanent sit^ of the still as possible. Over the centres 
of Ithe permanent site and the temporary one a*steel H girder 
should fixed sufficiently high above the top of th?e still to 
give ample allowance for the length of the blopks and sling 
chains used in lifting. This girder s^uld be fitted with travel- 
ling blocks, a very suitable form of which is made by Messrs 
Herbert Morris, Limited. The sections are most easily lifted 
H a ring, to which is attached two chains, the outer end 
of each chain being terminated by a strong hook. In the case 
of Messrs C. & W. Walker’s still these hooks are slipped into 
the two hand holes of tlie section. In the case of Mr Colson’s 
stiU the ring is provided with three chains and the chain hooked 
round under the catches of the steam pipes. 

In taking a stUl to pieces for cleaning purposes, the top is 
lowered and run to one side, the sections are then lowered and* 
placed upon each other in vertical column, and the distributor 
placed on one side, ready for cleaning. The bc^tom section will 
not reqtiire to be rembved, as it can be cleaned tn si^u, but where 
the ^ttom ring and the bottom plate .are not in one f)iece it is 
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always* desirable to re-make ihe joint. The sections are care- - 
folly cleaned, as are also‘ the distributors and pipes, and they 
are then put together again. ‘ It is desirable to make one man 
responsible for the work ; and^he should see that everything is 
before the next tray is lowered, as it is obvious that the 
miSssion of anything will leadrto endless trouble and expense 
afterwards. ^ 5 

In erecting a still it is necessary that each tray should be 
quite horizontal, as any deviation from this is*^a fruitful cause of 
difficulty in working the still, as it affects the seal and consequent 
flow of the liquor down the still. 

In erecting a Messrs C. & W. Walker’s still, the most con- 
venient S;me to insert the central rod is just after the liming 
chamber Has been placed in position. 



CHAPTER V 

Aant required for the manufacture of sulphate of 
AMMONIA [continued ) : recent types of stills—colson's, 
Wilton's, walker’s, combination, wyld and shepherd’s 

From our remarks in the preceding chapter it will be gathered 
that the chief objection to the earlier single colunyjj^type of 
stills described therein was the difficulty connected with leaning 
»them out. As a rule the volatile or “ free ” portio^i of the still 



would run for two or three years without cleaning out at all, 
the choke usually taking place in the hming chamber and the 
three or four chambers immediately below it. In the earlief 
Mgle column stills, in order to ^lean out these chokegj chambers ^ 
ft is necessary to remove the whole of the volatile portion 
chamber by chamber before the defective portion can be reaped, 
thus caftsing a considerable amount of ijnneceSsary work. To 
^Vercfme this difficulty the first important impravement was 
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to«ferect the " volatile ” c}\amtfers upon one base and the “ fixed ” 
Siambers upon a second one^ the liming chamber being placed 
at the base of the former series (in which case suitable manholes 
are provided, through which ^it may be cleaned in situ) or at 
the top of the latter series, ^ich an arrangement is shown 
in the still in Mr Colson’s plant in Fig. 15 (page 31), and when 
room permits similar ari^angtments may be obtained in t^e 
various other makers’ stills. 



We will now proceed to consider i!;wo iyipes of stills wMch, 
while they retain all the advantages of the earlier types, also 
provide most efficient methods for effectively cleaning them 
'out with the whole of the chambers in situ. 

The firit of these is supplied by the Chemical Engineering and 
Wilton’s Patent Furnace Company, Ltd., and is shown in Figs. 16 
and 17. The apimoniacal liquor enters the still frdm t^ie super- 
heater, alonp the pipe, a (Fig, 16), and passes from chamber toi 
chambe; in the usual way until the one marked b is reached. 
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When, instead of passing throtigli tlje overflow, /, the* liqtfor 
descends through the pipe, c, by gj^vitation to the liming still, C 
apd passes back to the liquor still, •mixed vdth milk of lime, 
along the pipe, e, and then desceAls in the usual course through 
the remainder of the still, lea^ang by the waste liquor valve, 
which will be described in the %iext chapter. The position of 
pjpe, c, is rather lower than shoivn fn our sketch, in order to 
compel the liquor to take that course in preference to rising and 
overflowing over Ae overflow pipe, /. At g is shown an efficient 
form of safety valve for an ammoniacal liquor still. 

Fig. 17 shows the chief characteristics of this excellent type 
of stiU. The overflow pipes, a, are Vefy large, and thus run 
much longer without making up, and when they dot^f^ke up 
they are easily cleaned out after removing the lid which covers 
ithe opening, b. The man-lids ^re removed from the.opening, c ; 



Fig. 17.— ^ilton Patent Ammoniacal Liquor Still. 

the distri Jutor, d, taken out, cleaned, and, after the ch^imber is 
cleaned out through the openings, replaced ; the hds are replaced 
in position, and the still is ready to res|jme work, the whole wprk 
of cleaning being done in a few hours. The drawings speak 
fcr themselves, and to those accustomed to stills the advantages 
are^o obvious that no comment is necessary. 

In the second t5q)e of still, made by Messrs C. & W. Walker, 
Limited, and shown fti Figs. 18, 19 and 20, the same desirable 
ends are equally well accomplished by a somewhat different 
ffiethod. This still consists of square cast-iron sections, and 
the whole of the front and back plates, are removable, thus 
pnaMing the distributors, h, to be withdrawn, and the chambers* 
^eaned in situ. The overflow j>ipes, c, are extern^, and as 
ttie outer portion consists of a removable flange, d, it is obvious 
f^hat cleaningr them out is an exceedingly simple process. * 

; The ^ef objection to the employmewt of wro^ght-iron or 
boiler plates in the construction of stills has beAi that some 


34, MANUFACTURE OF SULPHATE OF AMMONIA 


(constituent of the warm, caw ammoniacal liquor has had a very 
^tructive effect upon thj^sefmaterials, but the writer’s expen- 



Fici j8.— C. & W. Walker StiU. Fig. jq.-C. & W. Walker StiU. 

ence is th^t by the** time the volatile gases are given off ttiis 
injuiiprs action is reduced to a negligible quantity. Jin the^' 
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works with which the writer was recently connected this know^ 
ledge was taken advantage of and*a stiU (used, however, for a 
rather different process than sulphate of ammonia making), 
was designed and constructed, consisting as to the upper or 
“volatile” portion of a Colson^ still, and as to the lower or 
“ fixed ” portion similar to a steam boiler. Such a still, modified 
to #uit the purpose of sulphate of Ammonia making, is shown in 
Figs. 21 and 22. 'jfhe lowest chamber of the Colson’s, or rather 
cast-iron i still requires to be 
somewhat modified by hav- 
ing a suitable flange on the 
bottom to bolt to the angle- 
iron riveted round the top 
of the wrought-steel section, 

Aid its liquor overflows, a\ 
lengthened to be sealed in 
the contents of the liming 
chamber. The lower portion 
of the still is made like a 
steam boiler, and is divided 
into chambers by horizontal 
plates, either dished like a 
boiler end or they may be 
secured to the shell by 
means oi angle-frons. The 
liming chamber and the 
bottom chambe Ae each 
4 feet in height, the other fig. 20.— c. & w. waiker stm. 

chambers i foot 9 inches 

each. Manholes are provided on each side of the* still yirough 
which the ^stributors are withdrawn and the men enter to 
clean out the still. If the bottom of the manhole •is placed a 
little above the liquor level it assists nfaterially in reducing tile 
dirtiness of the cleaning operations, as by removing the plug, c, 
tlfe liquid contents of the chamber run to the one below ai\d 
finally escape through the waste-liquor pipe. The overflow 
and gas pipes are of .light cast-iron, but wrought-iron pipes 
and flanges could be substituted with advantage. The dis- 
tributors, d, are made %i sheet-iron (a new departure), 
the corners being turned over and riveted, but the writer 
thinks a neater job would be made by using narrow angle- 
iron to rivet to. To prevent them overturning when at 
work there is a bar of flat iron ‘under the gas pipe,* through 
which a vertical bolt passes, and after passing through the fop 
of the dis^rib'fttor ft is secured b> a nut, having two handles 
attached to it for convenience of manipula*tion. This arrange- 
ment is#hown at e. If the still is well washed down by ptmping 
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f . t 

vvater down it, and the ^nan lids removed, cleaning out is done 
without much difficulty., 

An entirely new type of s^ill construction is shown in Fig. 23. 
This shows the patent still introduced in 1907 by Messrs W. 
Wyld & Shepherd. (BritisJ/ patent, 8317/07.) This still 
consists of a number o^ square cast-iron sections forming the 
shell, but the interior of thd still is not divided into chambers 



Fig. 21. — Combination Still — “Volatile” portion, cdtit-iron; “fixed” portion, 
sled boiler plates. 

in the usual manner. Instead of this, there are small races, a, 
on the sides of the still, on which rest the very thin cast-iron 
plafes, b. These are set at an angle and the distance apart 
regulated by the thickness of the small bosses, c, on the plate.; 
Efcch row is placed at right angles to that below it. The liqudjf 
descends ove* these plates in a very thin'film 'and, meets, the: 
steam anV gases ascending through the interstices, thU&#eh* 
suring^’ve^ efficient tontact. Lime is admitted in a^ut 
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usual position in the still. The principle is a very ingenious 
one, and the writer hears that thjs still is working in a verf 
efficient manner. • 

A further new principle in stilP construction was introduced 
by Mr W. Wyld in 1911-12. (British patent, No. 25,716, 1910.) 
This still is shown in Figs. 24 and 25. In Fig. 24 a is a circular still 
having its gas outlet at contrcJled*by the cock, so that 
th? requisite pressure may be maintained in the still. After 
passing . through Aiitable heaters, the ammoniacal liquor is 
forced in through the pipe, a^, and by means of the centrifugal 



spray nozzles, a^, is discharged vertically in the form of a misty 
ffim into the still. Owing to the fine state of division the liquid 
undergoes when leaving the nozzles, and assisted by a little 
steam admitted through 4 he perforated pipe, a^, the gaseous 
constituents are immediately eliminated and pass out at a^. 
To prevent the liquid leaving at along with the gaseous pro- 
ducts, baffle plates, a®, or perforated diaphragms are arranged 
as shown. 

From the still, a, the liquor overflows along the pipe, a®, mto 
the liming chai^nber? b. Milk of lime is pumped in^o this chamber 
through tne pipe, 6^, and in order to keep iU thoroughly agitated, 
a fittle^steam may be passed through the perforated pijje, 
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The whole then ove^flo^s into the still, c, and is forced 
'Ihrough the centrifugal spr/iy nozzles by the pressure in the 
first still. In this still alfso there is a perforated steam pipe, c^, 
to assist the distillation. The waste liquor is finally pumped 
away through the pipe, c^. ^ 

In order to avoid putting so much pressure upon the still, a, 
vacuum may be employlid the exit of the system in which, 
case the centre of the system would be worked at approximately 
atmospheric pressure. ' 

Instead of the single still, a, at the beginning of the system, 
a series of two, three or more may be used, as shown in Fig. 25. 
A perforated steam pipe (not shown in the drawing) is placed 
in each^citill. 

Tne writer understands that this still has been at work for 
some time, giving very satisfactory results. In the event 



Fig. 23. — ^Wyld & Shepherd’s Still. 


of the choking up of a nozzle, provision is made whereby it can 
readily be removed and cleaned, but little trouble is caused , 
through this occurring. 

Yet anojther principle in still construction is introduced by 
Mr G. Keville Davis iivi his patent Trepex ammonia still, 
shown in Figs. 26 and 27. The principle upon which this 
apparatus works is based upon creating a spray of the liquid 
to be distilled by mechanical means and passing the steanj, and 
and vapour through this spray. The ordinary column still 
contains a number of sprays down which the liquid travels, 
and through the liquor lying on then the steam and vapour is 
forced to double. The mechanical spray provides a much 
larger area of contact between the liquid on the one hand and 
the gas on the other. , ' 

Referring to the illustratio.n it will be seen that one form of 
th^ apparatus takes the shape of a square cast-iron chamber 
divided by n^eans of through partitions into ^.ompartments 
corresponding to the trays of the column still. Thlbugh i^iis 
chamb^ aVe provided two longitudinal shafts which cany 
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fanners, marked F, and water lifting wheels, marked W. TJjhe 
latter work inside a guard, marked* G, the purpose of whlj^h 
will be explained later. There S,re#thus one fanner and one 
water wheel in each compartmtnt. The first sprays up the 
liquid lying on the bottom o^ the apparatus, and this is just 


Fig. 24.— Wyld’s StUl. 

level with the tips of the blades at their lowest point.* The 
rapid rotation of the fanners causes a very fine spray to be made 
and thus exposes a very large surface to the action of the 
steam. The gas or vapour passes from chamber to chamber 
througji. passages which are concentric with the fanners, and the 
position of the fanners is such that the tendency is by their 


# 



^FiG. 25. — ^Wyld’s Still. 


rotation to draw the gases from one chamber to the next. It 
has been found that there i.- occasionally difficulty in getting^ 
the hquor to flow through ^ch an apparatus, ind for this 
purpose the water wheels are provided. They lift thejiquor 
and throw*it against the specially shaped guarid, G, and into the 
,next chamber to the one in which the fanner wqfks. The flow 
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of iiquor is therefore made absolutely positive and there is no' 
danger of choking up of any ^nd. 

The first apparatus has how been at work upwards of eighteen 



Fig. 26.— Davis’ “ Trepex ” Still, 


months and has proved itself a more efficient apparatus than 
the old column still, besides being easier to work and requiring 
less attentiqri. 

In the case of small works where the quantity of ammoniacal 
liquor or the labour available do not warrant the»insta]i^ion of 



Fig. 27.— Davis’ “Trepex” Still. 


i continuoils plant, Messrs C. &-W. Walker, Limited, supply a 
very ueat little still shown in Figs, in and Chapter XIV., 
which does not exicroa(jh upon the steam supply of the works, 

as It IS heatM by a coke or coal fire. * 






chapt^:r VI 


PLANT REQUIRED FOR THE MANUFACTURE OF SULPHATE OF 
AMMONIA (continued ) : liming apparatus 

/. , 

From our previous remarks it will be seen that in order to 
liberate the “ fixed ” ammonias from the ammoni'^fal liquor 
it is necessary to add a quantity of lime ia the form known as 
" milk of lime.” We will now describe the apparatus neces- 
sary for dissolving the lime and introducing it into the still. 
The lime may be slaked by (a) waste liquor from the still ; 
(6) hot water, or (c) cold water. Of these methods *the writer 
prefers the first-named, as by its use, should the contents of the 
still run short of lime at any time, on the spent (or waste) liquor 
entering the hme-dissolving tank and coming in contacifwith 
the lime there, the smell of ammonia is so evident that it im- 
mediately warns the men in charge of the process of the con- 
dition of affairs, and enables them to take steps to promptly 
rectify it. 

It f^carceiy necessary to point out that jf the waste liquor 
is used for this pj^rpose it should be taken ofi at a point whesre 
either the pressure or height gives sufficient force to supply 
the liming plant. The best places to obtain the supply are 
(i) the bottom chanfber of the still ; (2) the pipe leading from 
this chainber to the seal pot, or (3) from the seal poti itself. 

Methods (a) and (b) are preferable to method (c), as it 
is obvious that the use of hot n^^lk of lime Wans a con- 
siderable saving of fuel compared with the cold method. In 
cases where methods a and b are adopted it is desirable to 
capry away the steam given off by means of hoods and wooden 
chimneys of the usual pattern. 

A typical liming* apparatus is shown in Fig. 28 (page 42), 
this being the one suppUfd by Messrs C. & W. Walker, Limited, 
with their sulphate of ammonia plants. The lime is slaked in 
the tank, A, and run through the tap through the screen, B, 
into the tank, C, whence it is pumped by the single ram 
pump, D, into the liming chaiqber of the still. Th§ pump also# 
worl^ the agitating arrangement, E, to prevent the lime setthng 
down, and^thusrsecures regular strength of the milk of lime 
and coifsequently steady working. ThetScreeiT is ^covered with 
wire gauze about i in. to A in. mesh and care must be taken 
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' (f 

to (maintain this in good condition, as any holes allow small 
bi<p of lime to go through,^ and these give endless trouble in the 



clacks of the pump, thus leading to the still running short qf* 
lime and pausing “ high ” spent Hquor samples. 

Where a driving shaft is available, the hme-mixing arrange- 
ment' shown in Fig. 29 (page 43) is found to J?e a very efficient 
one. The wast^ hquQr is run into the circular tank, and the 
lime placed gradually on the perforated plates, &, the dissolvi^ 
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the cock, d, an<i through the sAee^ g, into the tank, 
it is pumped through the suctiop pipe, /, to the limii^ chajaibei 
of the still. In the tank, e, the contents are kept agitated by a 
similar arrangement to that in tank, a. 

In works where there is at supply of compressed air available 



Fig. 32.— Wilton Patent Uming^pparatus. Elevafion. 


■yie lime pump may be replaced by an elevator such as is usually 
used for the elevation of sulphuric acid. . t- jx • 

Such an arrangement is shown in elevation in Fig. 30 and in 
sectional elevation i%Fig. 31* The milk of lime enters the 
automatic elevator from the supply tank by gravitation through 
the pipe marked a in Fig. 31, the supply being controlled by a 
cast-iron cock placed in this pipe. Its return is prevented.by 
the valve, h. As the oleva.or fills, the float, c, gjadually ns^* 
and by means of a rod attached to its upper end, when the 
elevator ^ fulk it opens a valve in d, which admits the com- 
press^ air from the pipe, c, which fcyces the ^iik of lime up 
the pipe, /, to the liming chamber of the still. lAs the elevator 
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empties the flo^t gradually falls, and when the elevator is empt j 
the rod closes k valve on the air supply and opens a vaJve ip d, 
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which releases the pressure and fogms a vent to allow ^the 
elevator to refill. In fixing these.elevators it is desirable to hi?ve 
the pipe, /, as nearly vertical as pdssible to its full height, in 
order to prevent air-locks.’* tf a quadrant is placed on the 
supply cock in pipe a it will Ussist materially in the regulation 
of the supply. * 

A very efficient complete patent liming arrangement is 



made by the Chemical Engineering and Wilton’s Patent Furnace 
Company., Ltd., and is shown in Figs. 32, 33 and 34. The lime 
slaking pan, a (Figs. 32 and 33), is provided with a division wall, 
6, , and wire cages, c. The solid lime is put into these cages agd 
is slaked by means of some pent liquor obtained as previously 
mentioned. The solution is agitated by the steam jets, d. The 
heavy sand fror^j the lime remains behind the division wail, and 
is blown 8ff about once a day, or wh^ necessary. The milk 
of lime passes over the division plate, and enterj the pump by 
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gravitation through the pipe, 'e, the speed being controlled by 
tlr? cock, /, and its return to, the tank, a, being prevented by 
the check valve, g. As the pump fills, the float, h (Fig. 30), 
rises, and when the pump is mil the rotary valve, i, is thrown 
over and admits the steam to the. body of the pump at j. The 
steam blows the lime out of the pump body past the check valve, 
k, and thence into the pla^ht. «iAs the pump empties, the float 
drops and finally pulls back the rotary vdve, i, which shuts 



off steam and opens the exhaust, allowing the pump to again 
fill with the milk of lime. The advantages claimed for this 

The steam pressure does not aflect the speed of the 

pump. . . \ 

(2) The pump when once ijidjusted continues to work at 

absolutely the same constant rate. ■ . , . 

(3) The speed is governed by the cock, /, on the lime inlet 

and , not by the steam valve, as is the case with jam 
. pumps. 
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(4) The body of the pump ft nqf machined, and there «,re 
no working parts in contact with the lime, there fire 



boiling milk of lime can be used without corrosive 
^ ef^ct omthe pump. 

In some illustrations of small plants A hand pump is shown 
to pupip the milk of lime into the still . This arringement the 
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writer would deprecate, it is bound to lead to irregularity of 
supply. It is obvious that at the time of pumping there is 
likely to be a large excess \and consequent waste) of lime, while 
al the time approaches for a fresh 



chai^ge there will be a scarcity, 
and consequently “ high ” spent 
liquor. ^ 

It cannot be too strongly im- 
pressed upon the workmen that not 
only is it necessary that a certain 
quantity of lime should be put into 
the still in the twenty-four hours, 
but that it should be put in steadily 
during the whole of the time. 

Another drawback to the in-*- 



termittent supply is that if the 
milk of lime is colder than the 
contents of the still, it leads to a 
sudden coohng of the latter, a 


quicker rush of liquor through the 
still, ^and insufficient steam to secure effective distillation. 


To those whose experiences, Hke the writer’s, has been con- 
fined to lar^ge works where the above facts have been looked 
upon as the most elementary truths of sulphate of ammonia 
manufacture, it comes as a great surprise to learr that^ere arf" 
many works (chiefly ,of the smaller kind) where the iniportanc 
of the steady supply has not been reahsed, and the writ 


Fatd fpom Pump 



Fig. 38.— Another Shewring Lime Feed. Ork at 


thinks that the thanks of the community are due tAe inlet 
Shewring for tile majiner in which, through the pages^^fh 
Gas Wo]^D,^he has striven to drive home these facts., 
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In cases where a pump is employ§d it should be driven by 
either steam or other power, and if when going at its slowg^t 
speed it still pumps more milk of linfb than is required, a small 
by-pass pipe and tap can be puf on the dehvery pipe of the 
pump, and arranged to return the excess to the supply tank. 

A very simple arrangement 1 ;o meet such cases is suggested 



• 

by Mr Shewring in The Gas World of 19th October 1912, and 
is shown in Fig. 35. ^ 

Another arrangementtis shown by Mr Shewring in an article 
in the same journal of 21st December 1912, now reproduced 
in Fig. 36. 

These figures show the arrangements so clearly that ncf 
further explanation is necessary. 

To avoid any chance of the pipe leading to the delivery 
pipe to the ^till choking up, Mr Shewring has devised the two 
simple Ifht ingenious pieces of apparatus shown in Figs. 37 
and 38. But a very little attention by the -man m charge, in 
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pfobing through the short pipe occasionally, should remove 
zfejiy ifficulty in this direction. 

Messrs W. C. Helmed & Co., Limited, are makers of Mr 
Shewring’s continuous liming devices. 

^ Messrs C. & W. Walker, Limited, also supply a continuous 
liming apparatus, embodying somewhat similar principles, and 
this is shown in Fig. 39. 




PLANT REQUIRED •for THE MANUFACTURE OF SULPHATE OF 
AMMONIA (continued) : waste liquor valves, coolIng . , 
ARRANGEMENTS, ETC. 

On the waste liquor outlet pipe from the bottom of Jhe still a 
cock is provided to regidate its flow, and to .prevent the Escape 
of any live steam with it a suitable seal pot is also inserted in 
the pipe run. Such pots are shown in Figs. 40 and 41 (pages 
54, 55), the former being sunk in the ground and the latter stood 
upon it in a convenient position near the still. If th^ seal pot 
is inside a building or other place where the escape of steam 
is objectionable, a coyer may be provided with a vent pipe 
to lead the steam away, as shown in Fig. 40, but wliere the escape 
of steam is not detrimental, an open pot, such as is shown in 
Fig. 41, assists in the cooling of the spent liquor. 

Instead of a seal pot such as we have just delbribed, the 
spent liquor is occasionally led through a boiler arranged similarly 
to the superheater shown in Fig. 5, the heat ^ieing used to heat 
either water or q^nmoniacal hquor passing through the coil 
of pipes, while the requisite seal is obtained by regulating the 
height of the waste liouor outlet pipe. This method, however, 
cannot be 'highly reSommended, as the hme kludge quickly 
deposits upon the pipes and renders them ineffective, #and the 
necessary cleaning is then a matter of considerable difficulty. 

A marked improvement upon th% seal pot ai^angement is 
the substitution of a special valve, such as that shown in 
Fig. 42 (page 56). This valve is supplied by the Cnemical 
Engineering and Wilton’s Patent Furnace Co., Ltd. a is the 
branch attaching the valve to the liquor still, and b the branch 
leading to pipe or ftough conveying the spent liquor to the 
cooling tank. The object of the valve is to release the spent 
liquor from the still without loss of steam. The valve will 
perform this work vdth any pressure on the inlet. As the 
liquor passes into the valve at a the float, c, rises and drawsi 
up the plug, allowing tne liquor to pass out. I^jpmediately . 
the liquor has left the valve and steam enters, the float drops 
back and yie operation is repeated. In practice the ^oat 
automatfcalty takes up a position which allows the spent liquor 
to floy^ freely away as soon as it arrives at the. bottofc of the still. 
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It ‘'thus removes the necessity for the constant supervision of 
thi^ man in charge of the still, and does away with the frequent 



Fig. 40. — Seal Pot.^ 


conveyed along flanged pipes or an open trough of cast-irqn, 
wood, or bricks laid in cement to the setthng and cooling tank. 
Where the .-escape of steam is not objectionable, the open trough 
is preferable, as it not only assists the cooling, but it is also so 
easily cleaned out . Where pipes are used they .will require taking 
up frequentlv for cleaning purposes, so the advantage o’l flanged 
over socket pipes for this purpose is obvious. 
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The requirements of the different local authorities differ 
somewhat as to the condition in which they desire the soent 
liquor to enter the sewers, but a 4ittle friendly consultation 
will generally lead to an arrangdinent that will be agreeable to 
both parties. In one city known to the writer, where the 
general sewage is of a slightly acid character (through metal 



washings), the authorities allow the whole of the lime sludge 
to go into the main sewer along with the waste liquor, as it 
helps to neutralise the acid in the general sewage and renders 
it more suitable for b^cterij logical treatment, and they oi&y^ 
stipulate that the temperature shall not exceed tio° Fahr. as 
it enters the sewer. If it exceeds this temperature ittcauses 
consideraHle inconvenience to the men^ working in the sewers. 
In this case the spent liquor enters one of the ry large main 
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sev^ers of the city, throijgh Which there is a large quantity 
ofgSewage passing, so that the chance of any inconvenience 
heing caused by depositioi^ of lime is a very remote one. In 
such an exceptional case as this a cooling tank, such as is shown 
in Fig. 43, is suitable. 



The tank has a concrete floor and the walls are' of brick- 
wprk laid in cement and sand. The pipes in the tank are of 
3-inch wrought-iron, and as they have to be frequently taken 
out for cleaning purposes, the desirability of having so many 
flanged joints is at once obvious. In this case«,the s^ent liquor 
runs through thd pipes» while cold water is run into the tank' 
at the point Ihown. The slightly-warmed water overflows at 
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a point also shown, and if sufficiently pure in quality may be 
run to a su^able receptacle and then used for. feeding steam 
boilers of otner purposes. * I 

Wl^ere, however, the sewer that the spent liquor ^nters is 
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of 1)Ut small area, or there is Wt a slow current through it, it 
is tbvious that the hme sludge would deposit, block it, and cause 
very serious trouble. In stich cases some means must be adopted 



Fig. 44.— Tank for Settling and Cooling Spent Liquor. Plan. 


to not only .cool the spent liquor, but also to retain the bulk of 
the hme sJudge. An arrangement suitable for tlus purpose 
is shown in Figs. 44, 45 and 46. This tank has a concrete floor, 
and the brickwork walls are laid in Portland cement ^nd sand. 



Fig. 45, — Sectional Elevation on Line a^b. 


Tb^e spent liquor flows through the channels and is aerially cooled, 
the lin\e depositing along the channels and being retained by a 
weir near the sewer. The hme sludge is cleaned out from time 
to time, as required. 



Fig. *46.— Sectional Elevation on LiM c-d. Sectional Elevation on Line e-f. 



CHAPTER VIII 


PLANT REQUIRE® FOR THE MANUFACTURE OF SULPHATE OF 
AMMONIA (continued ) : saturators of various tyAs — 
HAND-FISHED, EJECTOR DISCHARGED, BOTTOM VALVE DIS- 
CHARGED 

^ * 

After leaving the baffle box described. in Chapter fV. the 
ammonia, steam and other gases from the still enter the saturator. 
This important piece of plant receives its name from the fact 



Fig. 47.— Hand-fished Saturator. Side Sectional Elevation. 


that here the sulphuric acid is saturated with ammonia gas in 
order to f^pix the sulphate of ammonia. A gaturator is also 
sometimes Tocally known as a “ blowef,” from the fact that 
the ammonia here blows into the sulphuric, acid. • 
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According to the method adopted for the removal of the 
sulpbiate of ammonia formed, saturators may be divided into 
three types : — 

{a) Those from which the sulphate of ammonia is removed 
by “ hand fishing.” 

(6) Those from which it is removed by means of a steam 
ejector, and 

(c) Those from which it is removed by me:.ns of a suitable 
bottom discharge valve. 



Fig. 48. — Hand-fisbed Satiirator. Front Elevation. 


Ik 

Again, they may be further divided into ” open ” or closed ” 
types, according to whether much or little of the liqmd contents ' 
of the satijraior are exposed to the air. 
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The hand-fished saturators oi ly^e (a) are necessarily o^the 
open type, those of type (fi) may be either of the open or closed 
kind, and those of type (c) are genefally of the closed character. 

A simple type of open saturator suitable for hand fishing 
is shown in Figs. 47, 48 and *-19. It consists of a wooden tank 
formed of 9-inch x ?'inch red- wood, securely bolted together 
^nd lined with sheet lead 20 Mbs. per square foot. The mid- 
feather, a, is offcast lead about J inch in thickness, stiffened 
with border, i, and ribs, c, an extra one inch thick, as shqjm in 
Fig. 49. The‘ ammonia, etc., enters the saturator through the 



Fio. 49. — Hand-fished Saturator. Back of 
Midfealher. 



Tank. 


. pipe marked d. From the flange joint, e, this is made*of drawn 
lead pipe from 4 inches to 6 inches in diameter, according to the 
si&e of the saturator. This pipe should be of the best soft chemical 
lead, as should all tke lead used about a sulphate of ammonia plant. 
The end nearest the fislung pocket,/, is bossed up by the plumber, 
and a lead flange of suitable size is cast and “ burned ” on the top 
end. A number of |-inch holes are drilled in the pipe in either' 
one or two rows, each hole being drilled at an angle so that the 
ammonia blows towards tht fishing pocket. In the iron pil)e 
which brings the gas to this lead one a J-inch h8le is driUed, 
and this is closed by the tapering wooden plug marked gjt This 
plug isb refnoveJ when the still is coohpg down after stopping 
the plant, to prevent the vacuum sucking back Ijie contents of 
the iatUrator. 
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The acid and mother diquor are supphed from two over- 
head tanks along lead pipes, the flow being controlled by either 
earthenware taps covered with^ lead or regains taps discharging 
into the small box, h. Provision should be made for shutting 
off the supply to these pipes at the tank end, either by regains 
plugs and seats, as shown in Fig. 50, or by syphon box, as in 
Figs. 51 and 52. When the plugs and seats arrive the iroi? 
shaft in the plug will be found to be about 15 inches long, and 
this will require to be lengthened by welmng on an iron 
rod of the requisite dimensions. The whole of the iron 



Fio. 51. Fio. 52. 

Syphon Box for Acid or Mother Liquor Tank. 


handle is* then covered with sheet lead and the joints care- 
fully “ burned ” by the plumber. Either ,the plug and seat 
method or the s3q)hon box method is suitable for the 
sulphuric acid, but the latter method iS most suitable for the 
mother liquor, as it frequently happens that the pipe requires 
washing through with hot water to remove crystals. Around 
the plug is placed a large pipe made from sheet lead, the bottofti 
portion of Which is perforated with holes as sho.\m in Fig. 50. 
This prevents bits of stick or dirt from getting into the pipe 
and taps. The provision of one of these meth^ is yery neces- 
sary, as it enables any repairs to be done to the tap without 
emptying ,the*’tank. The pipe, i (Fig. 47), should be sufficiently 
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long to always remain sealed, otherwise offensive gases Will 
enter the atmosphere. 

In some works the mother liquor is fed into the saturator 
at stated intervals, and may then be elevated direct from the 



Fig. 5^. Fic. 54. 

Scoops for Hand Fishing. 


underground drainage tank to»the saturator by means of a 
regulus injector, but the writer much prefers, whenever possible, 
to supply it steadily and continuously as above described. 

The gases which are not absorbed by the sulphuric acid are 
of a ^asgerous and evil-smelling nature, and are led away 
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f 

fr6!tn the saturator along 4 he pipe marked y, to be dealt with as • 
dercribed in Chapter X. In this pipe also a J-inch hole is drilled 
and closed with a tapered*^ wooden plug in order that the gases 
may be frequently tested with red litmus paper to see that no 
ammonia is escaping. 

As the sulphate of ammonia forms it flows down to the 
fishing pocket, from whence it is removed by means of copper 
scoops similar to that shown in Fig. 53, or ^y copper shovels 



Pig, 55,— Plate-lead Saturator for Hand Fishing. Side Elevation. 


like that in Fig. 54. In either case they- are furnished 
long pitch-pine handles, and if the latter form is adopted there 
may be a small cross piece at the top^of the handle similar to 
that on an ordinary shovel. 

Some of the neatest, most durable and efficient saturators 
kre made from plate lead, varying in thickness from inch 
at the top' to 2 inches at the bottom, stiffened by suitable 
bratf:ets and bars and by external wood framing. Sujch a 
saturator, adapted for hand fishing, and made* by Messrs JosepJi 
Taylor & Co , is shown in Figs. 55, 56 and 57. To those who 
have carefully followed the details of the simple saturator 
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e 

already described, these more complicated drawings will not 
present much difficulty. 

The ammonia pipe divides into two branches and in the 
bottom takes somewhat of a horse-shoe shape. By this means 
it secures very efficient distribution of the ammonia gas in a 
large number of small jets throughout the whole of the bulk of 
the mother liquor. It is also made readily detachable so that 
it can be removed without damaging the body of the saturator. 

, The acid, mother liquor and waste gas arrangements are 
similar to those in the simpler form. 

One of the difficulties that the user of the saturator occasion- 



Fig, 58. — Cortin tinprovedJAutomatic Ejectors for Saturators. 


^y meets is the tendency for the sulphate of ammonia to fdrm 
a hard mass of small crystals over the ammonia pipe, especially 
during the time the plant is standing. On^a nucleus thus formed 
rapid growth takes place until the pile is apt to reach , 
above the level of the mother liquor, especially if the contents 
of the saturator have been worked down rather low. Such an 
occurrence is locally known as “ hogging,” and to prevent or 
remove it many manufacturers insert either hot-water or ^tearn 
pipes, td use once or twice a shift, and especially on shutting 
dcwn the plant. Almost efficient form of this arrangement's 
is shown inothe figures now under consideratipn,, and other" 
uses of tljis useful pipe will be discussed in Chapter XL, when 
dealing with the working of the plant. 
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With reference to the durability of this type of saturatof, 
Mr Taylor informed the writer in iqoS that one had been rft 
work in Bolton for seven years wjthout any repairs, that one 
had been at work at Croydon for ten years and would then last 
another three or four years, wjiile one was still at work in 



Lancaster that was put in fourteen years previously, and one 
at Southport only a year less. . . . 

The next type of saturator to I 5 e considered is that in which 
the sulphate of ammonia is re, moved from the saturator by 
means of a gSt earn' ejector, such as that^ mad<> of regulus, 
shown in Fig. 58. There is also one shown tn siiu in ^'ig. 61. 

The opt;n type of this saturator is exactly the same ^ those 
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f 

I' 

already described, exccplfthat the flat-bottomed pocket for hand 
flohing is replaced by a well-shaped pocket such as is shown 
in Figs. 59 and 6o in order ^o give the sulphate of ammonia a 
lead to the ejector. 

We will now proceed to make acquaintance with the closed 
t3q)e of saturator. This is the most modern type, and though 
it possibly presents a little ihore difficulty to the mastering ^of 
its working by a beginner, its easier workjng afterwards, its 



greater freedom from smell and its great saving in labtJur 
compared with hand fishing, commends it to all practical ‘men. 

A circular saturator of this type, fitted with steam ejector 
and made of plate lead, by Messrs JosephTaylor & Co., is shown 
in Figs. 6i and 62. In closed sdcurators, as there is not 
the open pocket in which to observe the depth of mother liquor 
present, and from which samples for testing may be obtained, 
these requirements arc met by the insertion of a “ seal ” pipe as 
shown. ‘ * 

c The steam ejector may discharge either on to the draining 
table or into little^ corves similar to those usecj irj collieries, 
standing 0^ or over a draining floor. More will be said on this 
.subjectjjin our next chapter. 
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The next type of saturator to be considered is that having 
a bottom* discharge valve, and this type (?ertainfy most nearly 
approaches the ideal arrangement. 
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( ^ 

i. One of the earliest,, not the earliest, was brought out 
years ago by the'' late Mr Alfred Colson, of Leicester, 
and though it has been in use for so long it still requires a Jot 
of beating. . It is shown ih Fig. 63. The body consists of 
cast-iron sections lined with lead, the whole being securely 
bolted together. The valve {riot shown in our drawing) is ona 
of Mr Colson’s many inventioiis. 

A somewhat similar saturator made by Messrs C. & W. 
Walker, Limited, is shown in Fig. 64 (pa^e 72), and a very 



Fig. 62. — Plate*lead Closed Circular Saturator, with Steam Ejecto’’, 


effective valve for the bottom discharge made by them is shown 
in Fig, 65 (page 72). 

Messrs Joseph Taylor & Co. also make this type of saturator 
in plate lead, and two of them in course of construction are 
shown m Fig. 66 (page 73). 

Some trouble is experienced at tim^ (especially through 
carelessness in starting up) through the ammonia pipes splitting 
along the line of the holes, and when this occurs it leads to lo^ 
alks^nity, discoloration of the salt and loss of ammonia. To 
obviate this, Messrs Williams & Fenner have introduced a patent 
external ammonia pipe (or “.cracker pipe ”), shown in Fig. 67 
(pa^e 74). 

Through various causes, such as an insuffi(?ient supply df acid,, 
splitting of the ammonia pipe, “ hogging,” etc., ii! odcasionally^ 
happens thtt a little ammonia passes the saturator, thus leadii^ 
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to loss. For a long time manufacturers have felt that if the 
waste gases from the first washing coul(f be passed a second time 



Ground/ • /A'ff/ 

Fig. 63. — Colson Saturator. Section. 


through the^fresh acid on its way to the siaturatbr it would be 
a very' desirable end to accomplish, and Heij Karl i^^impell has 






j^ic. 65. — Improved Discharge Velvet^ 


72 
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made a vefy laudable attempt iq solve the problem this 
direction. His patent saturator (British patent, No. 2^,379, 
1904) is shown in Fig. 68. The sulphuric acid enters through 
the pipe, a, fills the tray, b, aftd overflows through the pipe, c, 
into the main body of •the saturator, d. The ammonia 



Fig. 66. — ^Taylor & Co. Saturator. 


enters by the pipe, e, and is absorbed in the usual manner i^ 
the main body of the saturator, d. Any that should escape 
passes with the waste gases under the serrated hood, /, and 
meets the incoming acid a se<;ond time in the tra^, b, where iU 
is absorbed. The waste gases pass away up the pipe, g. 

While the rnain lines of this patent are very commelidable, 
there ^pj^ear to the writer to be two grave defects in its con- 
struction. In the first place, the open-ended ammonia pipe is 


74 manufacture OF Spj.PHATE OP AMMONIA 



dmosl? certain to lead to local alkalinity, and this would be 
likely to throw such a ctrain upon the absorption of Che upper 
chamber as wpuld more than neutralise any advantage gained 
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from it. TWs defect could readily be remedied by contirgiing 
it as a circular pipe round the inside of the bell near its base, 
securing it by strong straps to the bell, and piercing it wfth a 
suitable member of holes, blowing towards the centre. 

The sedond difficulty wiil be the matter of effecting any 
repairs in the upper chamber*of the bell, and it would be diffi- 
cult to remedy this and at the same time retain it as an integral 



part of the saturator. Probably the best place for it would 
be as an accessory of the saturator placed in the waste gas pipe 
leadLing ffom it, ana this arrangement is embodied in Feldman's 
saturatdr (British patent, No. 11,525, 1902). 

Messrs S. Bornett & Co., Limited, have introduced a method 
by which steel plates may be coatei with lead to any thickness 
from about inch upwards, the union of the two m^als being 
practically homogeneous. Such a material opens up many 
possibilities in saturator construction, and is well worth ^con- 
sideration by the^makers. 



CHAPTER IX 


PLANT REQUIRED FOR THE MANUFACTURE 01^ SULPHATE OF 

AMMONIA (continued ) : drying, storing, packing, etc. 

As the sulphate of ammonia forms in the saturator it settles 
down to the lowest point. In the case of the hand-fished 
saturatftr tftis is the fishing pocket, and from thence it is removed 
by means of the scoop or perforated shovel shown in Figs. 53 
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Fig. 70.— Draining Table. Plan. 


and 54 in ou,r previous chapter. , It is then placed on a draining 
table such as is shown on each side of the saturator in Figs. 69 
and fo. This table is built of 9-inch x 3-inqh red- wood and 
placed on suitable supports as shown. The borders is •formed* 
of 9-inch X 34nch planks on edge, except across the end of the 
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fishing pocket. The whole is lined .with lead of about lo^lbs. 
per foot strength, and the portion across the end of the fishing 
pocket is turned over that portion of the saturator to fofin a 
gutter to allow the mother liquoi*to drain back into the saturator. 



Fig. 71. 


To protect the lead, and also to facilitate the drainage of the 
salt, pieces of pitch pine, 3 inches X3 inches, the lower edges 
cut out as shown in Fig. 71, are laid upon the leac^^^orij about 
a foot apart, and on these are placed pitcK-pine boards, 6 inches 
X I inch, and on these boards the sajt is placed as it is fished 
out by the scoop. From there at suitable intervals it is thrown 
on to the floor of the sulphate store, and after standing there 
for some time for further drainage it is stacked on the heap in 



Fig. 72, — Sulphate of Ammonia Storeroom. 


the store. It is advisable to only stack the sulphate of ammonia 
across half the ^/idth of the store at a time, as by this* means 
one-h^lf fe getting in condition for packing, of may be packed, 
while the other hSlf is being filled. 



tS manufacture of sulphate of ammonia 

, \ ' ‘ 

A section of a sulphate pf ammonia store is shown in Fig. 72 
(p^e 77). The floor is formed of suitable joists, a slope of about 
4 inches being given from the sides to the centre, and a similar 
slope from back to front, to caxty off the mother liquor draining 
oft from the salt. On these joistii are nailed i;|-inch tongued 
and grooved flooring boards, care being taken to punch the nails 
well home, as even a slight projection of a nail head is sure to 
cause trouble later, by cutting a small hole through the over- 
lying lead. On these boards is laid a covering* of about 8 lbs. 
lead, the edges being turned up about 2 feet against the walls 



Fig. 73. — Plan of Sulphate of Ammonia'Storeroora. 

of the room to fofm a dish, the joints in all cases being carefully 
bufned.” The Walls are then lined wither J-inch tongued 
and grooved flooring boards about 10 feet High as shown, the 
upstand of the lead dish being between* these boards and the 
wall. The drainage from this floor passes through a 6-inch 
pipe to an open wooden trough lined with lead, which con- 
ve5^s it to the mother liquor tank as shown in Figs. 73 and 74.' 
*On the lead door are placed pieces of pitch pine, 3 inches x 3 
inches,^ as seen in Fig. 71, and on these are laid loosely red- 
wood boards, 6 inches x i inch. These need not be planed hot 
tongued and grooved, S,s the mother liquor requires' to* drain 
through the joints, and they have to be taken up frequentljj for 
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cleaning. Tlie time that the salt willrequire to lie in store Iwfore 
being in fit condition for packing will necessarily vary somewhat, 



Ficj. y'i -nverhead C«jrvps. 


but if the draining floor is in cjean condition frqe from 
crystals between, the draining floor and the l^ad), and me salt 
is in norftial condition on leaving the sSturator, about three to 
four days should sulfice. 
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Ifi all cases the tanks tor the mother liquor should be of 
ample size, as nothing is more annoying than to find on starting 
the ^lant, or anything going wrong, that we are crippled by 
lack of storage room for this pfoduct. The total storage for 
mother liquor should be at least three times the capacity of the 
saturator. 



^ When the salt is removed from the saturator by means of 
a steam ejector, the draining table is similar in construction to , 
those shown in Figs. 69 and 70, but in this case only one table 
is provided. ,If the salt is discharged on to the floor of the 
draining table, the sides near the discharge pipe of the ejector 
are maae much higher to receive the splash. 

Instead of the discharge taking place on to the floter bf the ' 
drajning table, it may be made into corves similar to those used 





PLANT FOR MANUFACTURE OF SUlPHATE .81 

in collieries, e'xcept that, as the wheels do not run upon rails, 
they arc made with plain tyres. These are pushed under ihe 
discharge pipe as required, and after being filled, are allowed to 
stand on the draining table for sbme time to drain, after which 
their contents are emptied Either into the hydro-extractor 
(where these are used^ or into* the store. In cases where the 
plant is worked both night and day, and a hydro-extractor is 
employed, it is scarcely necessary to point out that if sufficient 
corves are provided to hold the night production it will ^ave 



Fig. 77.— Suspended Electncallv-dnven Hydro-Extractor with tJottom 
Disdiarge. 


keeping a man to work the “ hydro " during the night, as the 
day man can then aeal with the whole production. 

Where the levels sui#, these corves may run along an over- 
head rail, as shown in Fig. 75. In this arrangement the running 
rail, a, is formed of 4-inch x J-inch flat-iron on edge, carried on 
hangars, 6, attached to the roof timbers. The corve is swung 

in a r— 1— s shaped handle and the corve is prevented from tipping 
over until required by the hinged catch, c. The men go along 
the gangwily, d, to push the corves, sChd the handrail on 
stanchions, e, protects them. 
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iThe draining table suitable for saturators of the bottom 
discharging type is shown in Fig. 76. The table is lined with 
lead, and covered with, the loose floor as in previous cases. The 
mother liquor in this case runs*on to the floor, a, which is lead- 
covered and dished, and is aIso*covered with the usual loose 
floor, from which it is conveyed l 5 y suitable means to the mother 
liquor storage tank. In cases ‘where this draining table corne^ 
over the hydro-extractor for convenience in charging the latter, 
to p;-event the drainage passing into the “ iydro ” the lead 



near the “ hydro ” end of the draining table is turned up about 
2 inches and the corners “ burned,” the drainage being led 
away to the floor below by means of a lead pipe, from 2 inches 
to 3 inches in diameter. 

The motllfer liquor which drains from the various draining 
tables and floors (except from those above the saturator level 
when it drains back into that vessel) is collected into the base- 
ment tank or tanks, and is elevated into the tank supplying 
the ^aturator, either by means of an acid elevator such as that 
already shown p Figs. 30 and 31 or by means of a regulus' metal 
steam injector. “ ^ ^ ' 

In cases *^where, either from limited storage room or other 
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causM, it is desirable to get the .suiphate of ammonia pacKed 
as soon as possible after being made the mostftx- 

extractors (also known as fcntnfugals ”), various forms of 
which are shown m Figs. to 8i. They consist essentially 



Fig. 79.— Siispeitled Direct Steam-driven Centnfugal. 

cast-iron circular vessel inside which is a copper 
b^ket, the sides of which are , perforated with a large number 
with^^^ ^ basket is nlled to a convenient depth 

with the sulphate of ammoma raked in from the draining tMe 

steam. enline is 

^en started^and the basket revolves at a very high speed thus 
by centnfrgal force, forcing the salt against the s^^ of the 
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baiket and expelling the moisture through the* holes in the 
baa'ret into the outer casing, through the outlet of which it 
finds its way on to the drainage floor beneath. The time 
required to effect this drying will vary according to the con- 
dition of the salt as put into Jhe “hydro/* but will usually 
range from 2^ to 4 minutes. The most suitable time must be 
fixed by experiment, basing ft upon analysis of the moistur^ 
in the dried sulphate of ammonia ascertained as directed in 
Chapter I. Fig. 77 shows an electrically-driven hydro-extractor 



Fig 80.— Patent Self-balanang Centrifugal (“ Weston " Type) Swan-neck Pattern. 

< 


made by Messrs Thomas Broadbent & Sons, Limited, and Fig. 78 
shows a section through the same. The copper basket is shown 
at a, while b is the discharging door secured by the bolt, 
The salt is discharged through the shctot, c, e, while the mother 
liquor escapes through the pipe, /. The height of the stand^d, 
g, is altered according to the requirements of the situation. 
‘The discharging arrangements can also be readily modified to 
suit the surrounding plant. -Fig. 79 shows the steam-dnven 
tyjyi made by the same firm, the internal arrangements being 
similar to the one already described. Fig^ 80 shows a foiro 
made by Messrs Wa!tson, Laidlaw & Co., Limited, • and Fig. 81 
‘ one of the ftypes manufactured on the Continent. 
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ideal arrangement of saturator, draining t lble, “ hydro,” 
etc.^ is shown in Fig. 82 (page 85), and from practical experience 
with such an arrangement the*writer can highly recommend it. 
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very hard in tie bags, and leads to !rouble and tearing of^he 
bags in subsequent handling for shipment. • 

If the salt is allowed to staad a short time at the base of 
the shoot from the “ hydro,” and is then turned over to a heap 
it is a great advantage, and packing from this heap may begin 
a few hours after the salt is plac<jd there. 

• In packing the sulphate of ammonia, machines are supplied 
which hold the hag and automatically cut off the supply when 
the contents of ;he bag reach a certain weight. Such a machine 



Kig. 8^. — ^Ihe “ Phcp[n\ ” Patent Sack Holder. 


is shown in Fig. 83. This machine is made by Megsrs 
Richard Simon & Sons, Limited. A machine to answer the 
same purpose has also l^cn designed by Messrs W. & T. Avery, 
Limited. 

In cases where the sulphate of ammonia manufacturer 
desires to weigh on the ordinary sack-weighing machine, for 
the filling the writer strongly ^pcommends him to obtain one 
of the patent mechanical sack holders, and he can confidently 
say that anyone who has once used them would never (iream 
of revcsstiijg to the old-fashioned method of holding the sack 
by hand. Not only do they save the service^ of thuman holding 
the sack.' but also the loss of time caused by the ” nito' ” having 
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to^tome to the assistance of the “ holder " froiCi time to time 
to thake down the contents of the sack. Such a holder is made 
by Messrs Richard Simon & •‘Sons, Limited, and is shown in 



Fig. 85.— Dunn Patent Sark Holder. 



Fig. 84. The bag is attached to the mouthpiece of the holder 
by n?ieans of a leather strap, which is rapidly tightened .up by 
means of a shc\rt lever. Another design for.^ccomplisJiing the 
same end, shown in Figs. 85 and 86, is made by Messrs Hattersley 
^ Davidson^ Limited, 
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The bags uj^ed for the packing of*sulphate of ammonia S.re 
chiefly second-hand ones tliat have been used for the carriiige 
of wheat or sugar, and for greater security, of late years buyers 
frequently request that the sak shall be packed in double bags. 
In this case the smaller inner bag should be placed inside the 



Fig. 87.— Hatlersl)^ & Davidson’s Bag-Doubling Apparatus. 


larger outer one hejore Ailing, as it is most difficult to do so 
afterwards. It is not easy tc- double the bags without the aitl 
of some mechanical appliance,® and for this purpose Messrs 
Hattersley Sc Davidson, Limited, supply the contrivance shown 
in Fig,. 87. A J'^ce of home-made apparatus* for the same 
purpose. Tiled by the writer, is shown in Pigs. 88 and 89. It 
is made of an elm board slightly narrower at the. fop end than 
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the smallest bag and tapering about 2 inches to )he bottom end. 
it t.s slightly longer than the longest bag and is let into the ba.se 
• board with a tenon and mortice joint. Its edges are slightly 



rounded. The base board is secured to the floor by coach 
screws, or if it is preferred to use the apparatus horizontally, it 
may be<3ecured to the wall. The method of using is obvious. 

If the string used for the sewing of the bags is purchased, 
re?.dy cut into 6-fect lengths, it will be found to be a convenience 


CHAPTER X 


PLANT REQUIRED FOR THE MANUFACTURE OF SULPHATE* OF 
AMMONIA (continued) : the w^ste gases— conversion 
INTO SULPHURIC ACID — CLAUS PROCESS — OXIDE PURIFICA- 
TION, ETC. 

The gases from the still that are not absorbed by the sulphuric 
acid in the saturator are known as “ the waste gases.” They 
consist very largely of carbon dioxide, sulphuretted hydrogen 
and moisture, with a little pyridine, cyanogen compounds, and 
many other substances, the whole forming a very evil-smelling 
and highly-poisonous compound. They leave the outlet pipe 
of the saturator, and after passing through the baffle box*pass 
through the superheater, as described in Chapter TIL, where 
they heat up the ammoniacal liquor to a temperature of about 
200° Fahr. When the waste gases leave the superlteater, they 
are still much too hot and damp for the subsequent treatment, 
so it is n^essafy to cool them still further. A simple form of 
apparatus for accomplishing this purpose is Sliown in Fig. 90. 
A series of thin cdfet-iron pipes is led backwards and forwards, 
and over them is placed a 2-inch or 3-inch wrought-iron water 
pipe pierce^ on its t^er surface with small holc%. This is con- 
nected Vi ith a suitable water supply, and by means of^a cock 
the supply is adjusted to secure the cooling of the gases to the 
temperature of the air. 

A very efficient but more elaborate system of condensers 
MS shown in Fig. 91 (page 93). This was used by th« writer 
some years ago in a works over which he had charge and gave 
every satisfaction. It consisted of a series of three condensers 
of the battery type , arranged horizontally, each one of which 
contained 79” 2-inch tu]jes. The waste gases were conveyed 
from the superheaters along a long length of 12-ipch cast-iron 
pipes and entered the shell of the top condenser as shown in 
the illustration. After passing downwards through the second 
and third condensers, they prised through two sets of 3-feet 
diameter cast-iron pipes arranged as shown. At first these 
were filled vith large pieces of Durham coke, but as this led to 
choking arid consequent back pressure the coke was eventually 
removed ana the 3-feet pipes were worked without any packing 
whate^xr. The cooling was assisted by cold water wni£h entered 
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tlfe bottom battery conUenser through a suii/lble valve, and 

after passing through the two 
others it left the upper one as 
shown in the illustration and 
fan to a tank from which the 
steam boilers were supplied with 
water, thus utilising the heat. 
It must, however, be distinctly 
understood that the supply of 
water is not to be regulated 
by the amount of warm water 
required, the essential thing 
being to keep the gases at the 
outlet cool, even though some of 
the warm water has to be run 
to waste. If these gases get warm 
and they are used for sulphuric 
acid making (as will shortly be 
described) they will completely 
upset the working of that plant 
in a very short time. (The 
writer remembeis a case in which 
the sulphuric acid chambers 
were in splendid working order 
at 4 o’clock, and, through the 
above cause, by 4.30 they were 
entirely depleted of available 
nitrous gases.) Along the whole 
route of 'travel of, the waste 
gases moisture is condensed and 
carries down with it a portion 
of the waste gases in solution. 
This liquid is technically known 
as “ devil water,” and on smell- ’ 
ing it one^Teels that it richly 
deserves its name. It is run oS 
from the plant through seal pots 
similar to that shown in Fig. 4 
(page 19), care being taken to 
drain every point where there is 
any danger of an accumulation 
trapping the pipes. It may be 
led away to a closed tank suit- 
ably vented, and then pumped to 
mix with th^ ammopiaoal liquor 
supply (in y^hich case the production can be accurately gauged, 
and any leakage of water into it from a plant hke that shown 
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in Fig. 91 rapidly ascertained), or it^nay run straight to Uie 
ammoniacal liquor store, care being taken that the end of the 
pipe is under the surface of the liauor. In any case it is pas^d 
through the still again with the* ordinary ammoniacal liquor, 
and this removes a considerat>le amount of the smell, thus 
enabhng it to go away with the waste liquoi without causing 
ijiore than a minimum of nuisancte. 



After the waste gases are cooled and dried they may%be 
dealt with in one oi three ways, viz. : — 

(1) Converted into*sulphuric acid. 

(2) Converted into sulphur by the Claus process. 

(3) Passed through an oxide of iron purifier. 

The whole of the writei 's personal experience has been in 
large works where sulphuric acid was also made, and where 
the first method ^was therefore practicable, and where t^s is 
the case k is undoubtedly the most satisfactory method of 
dealing with these gases, as it not only entirely cen^oves any 
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ni^isance caused by them„but by the sulphur in the sulphuretted 
hydrogen being used as a source of that materiel for the manu- 



facture of the sulphuric acid it materially decreases hhe^'cost of 
producing this acid. 
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The waste §ases are burned in the^same kilns as the spent 
oxide or pyritei the arrangements for conducting them into 
spent oxide kilns being shown in Figs. 92 and 93. The 
main pipe, a, is continued from* the cooling plant, and at a 
point near the kilns the tee pij^, b, is inserted to act as a final 
catch for moisture, ^his is e^-+’‘ed from time to time, as 



required, through the tap, c. The gases pass intoteach burner 
and each vertical section is controlled by a cast-iron cock d 
This cock is closed about half an hour before a spent oxide 
charge is charged in that section, and opened again about half 
an hour after the charging. The tubes below the tap will require 
cleaning out every two or three weeks, and this is most Con- 
veniently d^ne whefi the sulphate of ammonia pla^t is standing 
A good help to cleaning them out is afforded by shaking soine 
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cotton waste in paraffin ^and igniting it in ()nejv)r more of the 
crbsses of a section and afterwards cleaning thq pipes by means 
of 'an iron rod with a small disc at the end. Of course the tap 
of the section is closed while this is being done. Finally, the 
plug, e, is removed, the cock, f/, -momentarily opened and a lod 
passed right down as quickly a.s possible, then withdrawn, and 
the plug made good. The plugs are simply well screwed home 
and have no cementing material on them at all. 

In cases where the quantity of waste gas is small and it is 
desii able to concentrate the heat, the gas is led into the bottom 
burner of each series only. The little alteration necessary to 
accomplish this is obvious. 

There, are only three slight objections to dealing with the 
gas in this manner, the first being that every 34 lbs. of sulphu- 
retted hydrogen in burning produces 18 lbs. of water, which 
tends to reduce the strength of the sulphuric acid formed, but 
where the proportion of sulphuretted hydrogen compared with 
the spent oxide used is but small, this is not a serious matter. 

The second objection is that the COg in the waste gases 
takes up' a certain amount of the chamber space in the acid 
chambers ; but even with a large proportion of sulphuretted 
hydrogen the writer has had no difficulty in working with as 
low a chamber space as 16 cubic feet per lb. of sulphur per 
twenty-foui hours. 

The third objection is that on ammonia escaping from the 
saturators, or the gases getting too warm, they upset the working 
of the chambers, but in this case the remedy is obvious. 

These objections are very slight and scarcely worth mention- 
ing in comparison with the advantages to be gained by this 
method of dealing with the gas. In addition to the advantages 
already' mentioned, the gases are of great assistance in increasing 
the temperature of the kilns, thus securing better burning ofi 
of the sulphur in the spent oxide and even making it practicable 
to use a spent oxide of low percentage of sulphur. 

The second method of deahng with the gases is that known 
as the Claus process. The writer has not had personal ex- 
penence of this method, but those who use it speak highly of its 
efficiency. 

The plant made by Messrs C. & 'W. Walker, Limited, is 
shown in Fig. 94, and their lucid description of the plant and 
its working is appended : — 

^ “ The plant consists of the following parts : — (i) A cast-iron 
atmospheric condenser for coding the gases. (2) A dry coke 
scrubber, to eliminate any moisture remaining in the cool gases. 
(3) A kiln, lined with fire-bricks, and having a fire-brick grate 
on which rest Ibose broken fire-bricks, and o'ver this a- layer of 
hydrated oxMe of iron. (4) A cast-iron air inlet box attached 
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^ the upppr portnu^of the kiln, in which the air and foul gases 
^ before^entenng the kiln. (5) An air engine, with self- 
egulatwg blow-off valve, to give a regular and ‘continuous 

C 
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supply of air to the kiln. (§) A depositing or sealing chamber, 
made of ordinary brickwork, the portion nearest the kiln being 
lined with fire-brick. This chan^iber contains numerous transverse 
baffle walls, to retard the flow of gas and the finely-divided 
sulphur, and encourage the deposit of the latter. The chamber 
is covered with slate slabs, and the outer walls have numerous 
openings for cleaning out the deposited sulphur. (7) A scrubber 
filled with limestone, down which a small stream of water is 
constantly flowing. This scrubber arrests any sulphurous acid 
gas which may be passing away with the waste-gases from the 
depositing chamber. (8) An open purifier made of brickwork 
or cast-iron, filled with hydrated oxide of iron to arrest any 
sulphuretted hydrogen which may be passing away vdth the 
waste gases from the limestone scrubber. 

“Note. — T he two latter portions of the plant (scrubber and purifier) 
are not necessary for the perfect working of the process, but act as 
catch vessels m the case of careless working, or when by-passing the 
plant. 

“ The acidity at the outlet of the depositing chamber must 
be leos than three 3 grains per cubic foot. 

“ The action of the plant may be briefly described as 
follows : — The hot waste gases from the saturator pass through 
the heater Of the sulphate of ammonia plant, and are partially 
cooled by the liquor before entering the still ; they then pass 
through the atmospheric condenser, where the^ are^ cooled to 
the surrounding temperature. In cooling down, water is con- 
densed wliich contains a large percentage Oi^ HgS, and is very 
liable to cause nuisance in the neighbourhood if discharged 
into the drain^. This water may be pump.:jd back into the top of 
the stiK, and in passing through it gives off its HgS, which goes 
forward through the saturator and into the kiln. The water 
is then perfectly inodorojis, and passes away with safety into 
the drains with the spent liquor. 

“ The gases, after being thoroughly cooled in the condenser,., 
pass into the air inlet box of the kiln, and mix with the kiv 
pnmped in by the air engine. The mixed gas and air then enters 
the kiln at the top, passing downwards through a layer of 
hydrated oxide of iron, when the ordinary reaction takes place. 
The oxygen^ of the air supply uniting with the hydrogen of the 
HgS forms water, leaving the sulphur to unite with the iron and 
form sulphide of iron, which is immediately re-oxidised by the 
air. This reaction takes place so rapidly that the whole mass 
of* oxide is soon in an incandescent state ; at this heat the 
sulphur produced by the reaction is volatilised arid passes with 
the other gases through the fire-brick grating at the bottom of 
the kiln, ii^o the depositing chamber, where it cooL and settles 
dow. pie water spray formed by the reaction is thrown down 
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into the de^siting chamber, wher^ it drains away throng the 
bottom brickfWork of the side walls. The outlet gases from the 
depositing chamber pass thro^igh the wet limestone scrubber 
and the oxide purifier, an(J then 
escape into the air perfectly freed / /?. tube from extf 
from all noxious gas. ^ ^ 

“ Should there be an excess or 
deficiency of aif delivered into the 
kiln with the foul gases, the outlet 
gas of the chamber will contain 
traces of sulphurous acid, or sul- 
phuretted hydrogen, which are 
taken up, respectively, by the 
limestone scrubber or the oxide 
purifier. 

“ The amount of marketable 
sulphur recovered should reach 
go% of the sulphur passing into 
the kiln, and be of a very pure 
quality. • 

“ The process may be carried 
on without any attention beyond 
what is required for the sulphate 
of ammonia making.” 

In oj-der \o test the exit from 
the Claus process, an aspirator 
(Fig. 95) IS pjovided, made of 
sheet lead, 12 inches square and 
either 2, or 3 tfeet in depth. 

The +op is provided with a plug 
and socket, through the latter of 
which it may be filled with water, ^ 
also a short brass tube to connect 
with the absorption apparatus. 

The bottom has a brass cock for 
running off. The front is provided 
with a glass tube to act as a 
water gauge, so that^if less 
than the whole contents of . 

the box be run the neces- F'o- ss-Apparatu. ftr xcimg Exit. 

sary calculation may be made. Two 8-oz. bottles' ^re 
provided wi+h india-nibbe^ stpppers and glass tubes inserted 
as shown. One end is connected with the aspirator, the bther 
with the exit from the Claus kiln. The bottles are charged 
with ic c.c. c"' hydrogen peroxide (10 volunles quality) and 
water ad€ed. The aspirator has previously, been filjed with water, 
and turning on the bottom tap the quantity of v^ter rpn ning 
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out sfepirates the same quantity of ‘gas through the hydrogen 
peroxide. After a suitable quantity of water has been run the 



Fig. 96, — Walkf* Hydraulic Change Valve. 


bottles are disconnected and taken to the laboratoiy, where 
their ,<:onte^ts are emptied into an evaporating ^sh, a 'little 
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methyl orahge solution acjded, and titrated with caustij soda 
solution, mer( tioned in Chapter I., each c.c. of which will represent 
0.617 grain. The result divided by the number of feet asj^rated 
will give the number of grains di acidity per cubic foot, estimated 
as equivalent to SO3. • 

Instead of using the normal solution of caustic soda men- 
tioned above, a special solution of the substance may be made 
up by dissolving 100 grains of it in water and making up to i 
litre. I c.c. of this solution will represent o.i grain SO3. 

The last method of dealing with the waste gases, 5 hd that 
which is perhaps most suitable for works of small capacity, is 
that of passing them through the familiar purifiers charged 
with oxide of iron in a similar manner to that adopted with 
illurhinating gas. As most of our readers will be more or less 
intimately acquainted with their working in the gasworks, a 
description of them would be superfluous. 

To prevent accidents when changing from one purifying 
box to another, it is necessary that a suitable valve should be 
used. Such a one, made by Messrs C. & W. Walker, Limited, 
is shown in Fig. 96., 

The waste gases are of a highly poisonous nature, aifd when- 
ever there is any chance of a man breathing them (as in repair- 
ing a leakage or cleaning out a portion of th(^ plant dealing 
with them) a suitable respirator or helmet, such as wiU be 
described in Chapter XL, should be worn. The method of 
dealing with a man affected by these gas^ is also described in 
a printed lieet^mentioned in the same chapter. 



CHAPTER XI 


STARTING, WORKING AND STOPPING THE PLANT — DIFFICULTIES 
IN WORKING AND THEIR REMEDIES 

At a convenient spot, as near the saturator as possible, should 
be fixed a small bench or broad shelf, and on this should be 
arranged th4 following articles : — 

Two lead cups, each about 2 inches diameter and the full 
height of the hydrometers used. The first, which should have 
a handle similar to that shown in Fig. 97, is used for 
testing the strength of the sulphuric acid. The second may 
be similar and have a stout piece of copper wire attached to 
the handle, or it may have a long lead handle similar to that 
in Fig. 98. This is used for dipping into tlic hot mother liquor 
in the saturator to secure a sample for testing. 

A single burette stand and 50 c.c. burette. (The bottom 
of the latter sibould have india-rubber tube and pinchcock, not 
a glass tap.) 

A I c.c. pipette. 

A porcelain evaperating dish about 4 inches in diameter. 

Glass rod for stirring. 

A wash bottle. 

A Winchester quart bottle full of catystic soda solution 
cohtalning,8.i6 gf'ammes per htre. 

A bottle of methyl orange solution. 

A Twaddcl hydrometer No. 6 and one No. 7 for testing the 
strength of the sulphuric aci(f. 

A Twacjdel hydrometer No. 3 for testing the strength of the 
mother liquor. 

A book of red htmus papers (the kind on paper hke writing- 
paper is the best ; those on porous paper like blotting-paper 
being very bad to see). 

Starting and working the plant . — ^And Row, having carefully 
^xamined our pi'ant to make sure that everything is in its place, 
we are prepared to make a start. 

First, ascertain that all valves or cocks on the waste ‘gas 
pipes tare open and the seal pot§ on this portion of the plant 
efficiently sealed with water. 

Draw out the small wood plugs shown on^fhe saturator in 
Figs. 47 and 48, g and k (pages 59, 60). Place them wK?re they 
readilj^ lound when required a little later on. 



STARTING, WORKING, AND STOPPING PLANT 103 


Now run ^Iphuric acid from th^ overhead tank to 
the saturator lyitil the level is about 2 inches over the 
top of the horizontal portion of the ammonia pipe ; then 
stop the supply. 

Run or pump ammoniacal liquor into the still through 
the superheater until it just shows in the water-gauge 
^lass in the liming chamber, then stop it. 

Now pump water into the still by means of the lime 
pump until it sHows about 3 inches or 4 inches deep in 
the water- gauge glass in the bottom chamber of the still, ' 
then cease. 

Steam is now turned on very gently in the bottom 
chamber of the still, and as the still gradually wan a# up, 
the steam is slowly increased. To prevent any excessive 
pressure in the still, a suitable reducing valve is inserted 
in the steam pipe leading to the still, the outlet of which 
is regulated to about 20 lbs. pressure. 

While this is going 
on the charge of lime is 
put in the lime ini^ger, 
so as to be in readiness 
when required. The 
quantity of lime re- 
quired will vary some- 
what according to the 
composifion of the am- 
moniacal 1‘quo^ but 
will rangvj approximately 
from about 2 % cwts. to 3^- 
cwts. pei T:on of sulphate 
of ammonia produced. 

Thus a plant producing 
4 tons sulphate of am- 
monia per twenty-four 
hours would require 
about 12 cwts. of lime 
during that period, fed 
in in small quantities at 
the rate of J cwt. p^r 
hour. The pump should 
run as slowly as pos- 
sible, and the quantity 
of water or waste liquor 
used to slake the lime 
should be just enough 
tinuouslj^going. 


f 


Fig. 97- 


Lead Cups. 



Fig. 98. 


to 


keep the pump^ steadily and con- 
Meanwhile""the heat will have been steadily# travelling up 
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still, and after a timera little steam will issue from the 
hole in the ammonia pipe in the saturator. Now insert the 
wo6d plug, tapping it firmly home. It will now take some little 
time to. heat up the acid contents of the saturator, but as soon 
as this is done steam will issue ffom the plug-hole in the waste 
gas pipe. When this takes place insert the plug and carefully 
watch the superheater. As Soon as heat begins to leave 
turn on a little water to the condensers, regulating the quantity 
so as to keep the outlet gases quite cool. As soon as the super- 
heater is hot to the touch a little ammoniacal liquor may be 
turned on, the lime pump started pumping milk of lime into 
the still, all the steam turned on to the bottom chamber of the* 
still and u little in the liming chamber. The quantity of 
ammoniacal liquor may now be gradually increased until the 
full quantity is reached, taking care that it is not done so rapidly 
as to cool the superheater. 

After the still has been working a short time a sample of the 
spent liquor may be drawn from either the sampling cock or 
the bottom water-gauge cock, the most suitable thing to draw 
it into being an iron saucepan about 4 inches in diameter. This 
waste^ liquor should be quite milky in appearance and should 
not smeU of ammonia. If it does smell of ammonia it shows 
that there ig either too much liquor passing down the still or 
that there is insufficient steam on. The remedy is obvious. 
Next a little powdered lime is placed in the saucepan (a supply 
of this should be placed in a box in a convenient position) and 
a second sample of waste liquor run into it. Jf it did not smell 
of ammonia in the first test but now does so (and especially if 
the first sample did not appear sufficiently milky) it indicates 
that th^re is not enough milk of lime passing into the still. 
The remedy is again obvious. These tests should be made 
at frequent intervals. For more accurate tests of the spent 
liquor the reader is referred to the next chapter. 

We now return to the saturator. As the contents get hotter 
the motion increases, until, in the case of saturators of operi 
pattern, there is quite a violent swish from side to side, and as 
a considerable amount of condensation takes place in starting 
up, it is not unlikely that the contents increase so much in 
volume that there is danger of them spMshing out. To prevent 
,this, sufficient is baled out on to the nearest draining floor of 
into a mother liquor tank, and this is afterwards used up with 
the other mother liquor. From time to time the plug is withdrawn 
from the waste gas pipe momentarily, and a moistened red 
litmus paper held in the steam, care being taken to avoid breath- . 
ing tfiis gas, as it is very poisonous. If the litmus paper turnS' 
blue it indicates that there is not enough acid in thes^dturator 
and some more must be added at once. A test taken qf the 
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, contents of tHfe saturator at ^ta^ing* would necessarily be Ihe^ 
r®Tw. of the acid, but as the ammonia comes into it, the ®Tw. 
gradually decreases, and when it reaches the neighbourhood of 
00° Tw. the motion in the contents of the saturator gradually 
steadies, a crystalline skin forrfs on the surface, and the sulphate 
of ammonia begins to drop to the bottom. As soon as the 
quantity warrants it, it is removed either by hand fishing, 
steam ejector, or bottom discharge valve to the draining table. 

A thin strer.fti of acid is turned on. The regulation of 
this is the most difficult portion of the learner’s task, l&ut a 
little experience soon makes it quite an easy matter. The 
^simplest method of regulating is by means of the hydrometer. 
By experiment it is found that a particular strengtjl suits the 
individual plant (in one works the writer found that 54° Tw. 
to 56° Tw. suited well, while in another plant 59° Tw. to 61° Tw. 
was the most suitable range). An increase in the acid increases 
the density and vice versa. 

The most satisfactory way of regulating the supply of acid 
is by taking a sample of the contents of the saturator and 
titrating it for f’ ee acjd, and we have found that an intelligent 
workman can easily do this. From the sample cup i t.c. is 
rapidly taken by means of the pipette and blown out into the 
evaporating dish, diluted with water and a little methyl orange 
added. It is then titrated with the caustic soda solution men- 
tioned at the beginning of this chapter and the number of c.c.’s 
taken redd off. i c.c. = 1% of free sulphiiric acid. If the 
i contents of t\e saturator are kept between 3% and 8% very 
little trouble will oe experienced. 

If the contents o^the saturator get short of acid a test with 
the litmus* paper of the waste gases will immediately ^how it» 
In very bad cases the salt assumes a blackish appearance as 
if mixed with blacklead, while, on the other hand, if the salt 
is too acid it assumes a peculiar sliAy appearance, which soon 
becomes easily recognised. This latter salt does .not dry 
hearly so quickly on the draining table as the normal quality. 

We must now consider the method of dealing with the 
mother liquor that drains from the sulphate of ammonia as it 
is dr5dng. It is collected in tanks and elevated either by means 
of steam injectors mafle of regulus metal, or acid elevators 
similar to those shown in Figs. 30 and 31 (page 44^, to the over- 4 
head supply tank near the saturator. 

Two methods of supplying it to the saturator are available, 
the first in a series of charges, filling up the sa'curator as full as 
may be conveniently done, adding a little* extra acid and^t'hen 
stopping the siinoly of mother liquor entirely. This stops 
the .makiijg for a short time, gives the man in charge a little 
time for attending to other duties — getting his meals or having 
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down until it is as low as it is safe to go 's^hout ammonia 
esekping, and the process is then repeated. The writer does 
not recommend this method,' however, as it leads to irregu- 
larity in working, and he strongiy recommends the alternative 
method of running in a small stream continuously. 

In addition to the mother liquor that drains from the sulphat^, 
of ammonia there is that produced by the melting up of any 
dirty sulphate that is removed from time tb time from that 
portion of the drainage floors between the loose surface boards 
and the leadwork. This is most easily melted by placing it in 
a small wooden tank, lead lined, covering it with water and 
turning on a small steam jet. (Care should be taken that this jet 
does not play directly on to the lead, or a hole speedily appears.) 
After cooling, the solution is syphoned over into a mother liquor 
tank and thus augments the supply. 

If the supply of mother liquor runs short a little may quickly 
be made by washing down one of the drainage floors with water 
from a hose pipe. 

In saturators provided with a steam *pipe such as is shown 
in Fi^s. 55 and 56, the steam should be turned on at least once 
a sliift for a few minutes, as this is a great aid in keeping the 
ammonia J^ipcs clear, and not only produces better working 
but increases the life of the pipe materially, as a choke in the 
ammonia pipe is a fruitful source of splitting along the line of 
holes. 

In order to secure steady and satisfactory working, it is 
necessary that the heat of the ammoniacal liquor having the 
heater for the still should be constant, a^id in order to watch 
•thiG it most *desirable that a thermometer should te inserted 
in the pipe leading from the heater to the top chamber of the 
still. This pipe is drilled and tapped and a small iron well- 
shaped socket is screwed in as shown in Figs. 99 and 100. In 
this well a little mercury is placed and a metal-cased thermometer, . 
as shown in Fig. 99, is inserted. Instead of this metal-cas^d 
thermometer an ordinary glass tube thermometer may be in- 
serted in the well through an india-rubber stopper, as shown 
in Fig. 100, but with this form there is a ihuch greater liability 
to breakage. ^ 

The ammoniacal liquor should be maintained at a tempera- 
ture of about 200° Fahr., but the exact figure is not nearly so 
important as that it should be constant. 

^ If the method of intermittent charging of the mother liquor 
to tjie saturator Ije adopted, it will be found that there will be 
a considerable^ drop in the temperature referred to above just 
after charging, and this drop in temperature geneneliy causes 
a rather quicker flow of the ammoniacal liquor, bringing^ abouy 
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a “ high ” waste liquor, owing toythe quantity of steam not being 
sufficient to cope 4with the altered conditions. The remedy is 
to ease off the supply of ammoniacal liquor for a few minutdS 
until the temperature again reached the normal, when the full 
supply is resumed. 

On the other hand, a stoppage or partial stoppage in the 
flojv of the ammoniacal liquor quickly shows itself by a rise on 
the thermometer, and enables the fault to be speedily rectified. 

Variation in the’steam pressure at the boilers will frequently 
cause a variation m pressure on the outlet side of the redtrCTng 
valve ; it is therefore very desirable* that a suitable steam 
pressure gauge should be placed on the reduced side in such 
a positior^ that the man at the saturator or still can r 'aclily see 
it, as it is obvious that such variation will affect the working. 



and will require an increase of steam or a reduction in the 
quantity of ammoniacal liquor to com{)ensate for it. 

A very interesting article dealing with these temperatures 
was contributed by Mr Frederick Shewring to The Gas* World 
of 5th December 1914, and to this article the reader is referred 
for further information on the subject. • 

After a stoppage 6f the plant the restarting is effected in 
a similar manner to that given above, except that the saturator 
will be already charged, and the still and seal pots alieady luted. 
As the charge in the saturator is now mother liquor it will be 
desirable to use the saturator "♦^eam pipe freely on starting thcc 
plant, in order to remove any crystals from the ammonia pipe. 

Stopping the plant . — Work down the charge^m the saturator 
as low as possible, .un in about 3 inches of aciS, a little wafer, 
and turn the steam. 

StOTi the ammoniacal hquor. Continue -to pump milk of 
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^me into the still for about a quarter of an hour after the uquor^ 
IS stopped. The slaking of the lime will have been so arranged 
that the liming apparatus is now empty. 

Keep the steam on for about half an hour after the am-'/ 
moniacal liquor is stopped ana then shut off. 

Draw the little wooden plug from the ammonia pipe into the 
saturator, and open the top taps of the water gauges on J;he 
still. This prevents the still, on cooling, syphoning back the 
contents of the saturator. 

' Now pump> water through the still for about half an hou]r, 
through the lime pump, then stop the pump and the plant 
may safely be left. 

If the stoppage is likely to be of long duration it is desirable, 
to empty the saturator into one of the mother liquor 'tanks and 
to thoroughly clean out the saturator. A valve is placed on 
the waste gas pipe in the neighbourhood of the superheater, t 
and care must be taken to always close this before entering the 
saturator, to prevent any waste gases poisoning the men. 

Some difficulties experienced in working. — The following are 
some of the difficulties that may arise ,from time to time in the 
working of the plant and the remedies that may conveniently 
be applied. 

. On testing the waste gases at the plug hole, the litmus paper 
turns blue through the presmce of ammonia. 

(а) The contents of the saturator are very* low. Run some 
mother liquor [n as quickly as possible and test again. The, 
escape has ceased. Inference obvious. 

(б) The contents of the saturator are of normal depth. On 
testing with the hydrometer, the strength is low, or on testing 
by ti+ration the percentage of free acid is below Add more 
acid quickly and test again. The escape has ceased. Inference,, 
again obvious. 

(c) The contents of Vhe saturator are of normal depth and^ 
the acid is’ present in sufficient quantity. The escape may stop 
for a short time if the depth of the charge is high and will pfob- 
ably increase in quantity as the charge works down. The cause 
is then probably one of two things : — (i) “ Hogging,” i.e., the 
building up of hard crystals upon the ammonia pipe until they 
reach above the surface of the liqu6r, then a blowhole forms 
through this mass of crystals, allowing the ammonia to escape 
without coming in contact with the acid, or ( 2 ) a split has formed 
in the ammonia pipe — ^generally along the line of the holes—', 
causing a strong local blow that the acid cannot effectually^^ 
cope with. , 

To ascertain which of these causes is the one a very useiui ; 
tool for use‘'in‘open saturators is shown 'in Fig. This iS; 
made of iFon. The flat portion is pushed under the nq^eathT^i: J 



STARTING. WORKING, AND S'TOmNG 

and passed along The top of the ^monia|)ipe, when any obstruc- 
tion due to “ hogging ” is readuy felt. If the pipe feels quit# 
clear of hard crystals and there is a very strong local bloio, 
while there is scarcely any blow at all in other parts of the pipe, 
there is, in all probability, a split tn the pipe. 

If hogging ” is found, work down the charge in the saturator 
aSjJow as possible. Then run in about 3 inches or 4 inches of 
acid and almost as much water. This will stop 
the making for a shbrt time and give a heavy boil, 
which will generally dissolve the hard crystals. A 
good test to see if the mother liquor is in suitable 
condition for accomplishing this is to dip in a 
shovel. If sufficient acid and water be present 
effervescence (due to liberation of hydrogen) will 
take place on the metal. If this method does not 
result in removing the obstruction, repeat, and if 
it still fails there is no alternative but stopping 
the plant, empt5dng the saturator and cleaning it 
out. 

In the event . of the j)ipe being split the only 
thing to be done is to stop the plant, empty and » 

clean out the saturator, and send for the plumber 
to effect the necessary repairs. Any attempt at 
makeshift repairs will be unsatisfactory and will 
only lead to further trouble and loss of ammonia. 

The contents of the saturator suddenly rise and 
, [a) There ir a sudden violent liberation of gas, 

after which* the contents drop 
to the normal depth again, the ^ 

process beiiJ^ repeatCa after a — J 

short interval. 

This is probably due to a fig. lor.—" Hogging ” xooi. 

stoppage in the condensing plant f 

^pr the waste gases. On drawing the plug out of the waste gas 
pipe the steam rushes out violently, while at the termination 
of the plant (say at the spent oxide burners) very little gas is 
coming. If suitable small taps have been provided on different 
portions of the condensing plant, by affixing a U gauge to them 
and opening them, the position of the obstruction is readily 
indicated by the difference in pressure. It will usually be found 
to be due to the choking of a seal pot leading to a lock of liquid 
in some low portion of the system, and is most frequently found, 
towards the cold end of the piaat. It can often be removed 
by, taking off the smah flange from the top of fh^ down pipe into 
the seal pot and probing through the pipe witiiA stick. • 

. If the'obstructiofl is caused by the choking up ®f the smaller 
tubes into the oxide burners it will generaUy conje on more 
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gradually and will not ,be of so^violent a natute, and will have 
been noticed by the gradually-increasing pressure at the saturator 
waste gas pipe plug hole. 

When opening any portion of the waste gas system it is 
desirable to use respirators, such as are described in the next 
chapter. 

(b) The contents continue to rise, unless we stop the supply 
of ammoniacal liquor to the still, and do not drop to tlie normal 
depth again. This “ boihng over” is accotnpanied by a char- 
act^iistic sour and disagreeable smell which is readily recognised. 
This generally occurs shortly after starting up the plant for the 
first time, and is then due to some error in fitting up the still, 
or afteuttlie plant has been working for some weeks, and is then 
due to the choking up of the still with lime compounds. It 
may also be caused by carelcsness, in pumping tar into the still. 
The only remedy is to stop the plant, in the former case to make 
good the defect and in the latter cases to clean out the still. 

Discoloration, etc., of the sulphate of ammonia. — The salt is 
orange coloured, and fumes of the same colour rise from the 
sulphuric acid as it runs into the saturator. The fault is due 
to moo many nitrous compounds having been left in the acid. 
Communicate with the manufacturer of the acid, who will only 
be too pleased to endeavour to put the matter right, as to send 
away nitfous compounds is a serious loss to him. 

The salt is brown. This may be due to the presence of an 
excessive amount of arsenic in the acid, especially if it is made 
from pyrites. The salt is dark grey, as if it had been mixed 
with blacklead. This suggests that the saturator has been 
short of acid, as already explained. Tt^j salt is blue, especially 
after drying.., A fruitful cause of this is the stopping up of 
the. small syphon pipe from the baffle box to the still, thus allow- ^ 
ing a little raw liquor to work over to the saturator and form the 
Prussian blue there. Td- ascertain if this is the case feel the 
pipe in question ; if it is cold it suggests that it is stopped up 
and. must be cleared. The most fruitful cause, however, is the 
” boiling over ” of the still as it is getting choked up and requires 
qjeaning out. Some years ago the Alkali Inspector mentioned 
a case where it was caused by an iron stay in a saturator 
having had its lead coverings eateit away. This interesting 
subject is cfiscussed in several recent annual reports of the Chief 
Inspector under the Alkali Works Act, and our readers, are 
referred to these for further information. 

Wet sulphate.— the sulphate is dried by simply allowing 
it to drain on the warehouse floor the bottom few inches will 
generally be fou\'-d to be more or less damp. This is technicaMy- 
known as ” bottoms,” and as it is not fit to' pack it in disposed of 
by throwiiig it on the top of the freshly-made salt.^ If, it gets 
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v,«oessive in quantity it is a sign tha}. the space between the 
loose floor boards and the lead^s getting choked up with drystalis. 
The loose floor must then be taken up and the crystals removed, 
after which they may be dissolved up to make mother liquor, as 
previously described. 

It occasionally happens that there are portions of the sulphate 
of ammonia (especially the lumps) that will not dry, even if kept 
for weeks, and if a small portion of this salt is broken up in the 
hand it feels quite sloppy. It is also strongly acid. If the 
saturator has nQ+ been worked in an excessively acid coifcj^tion 
this sloppiness is generally due to impurities in the sulphuric 
acid, especially if some acid has been used that has been used 
for washing down a Glover tower, and complaint should be 
made t6 the manufacturer. 

The writer would, liowever, point out that there is a strong 
tendency on the part of the saturator men to blame tlie acid 
whenever anything goes wrong with the working, and from 
long experience in making both sulphuric acid and sulphate of 
ammonia he has found that in the majority of cases the acid 
maker is not at fault, and a little further investigation would 
prevent many complamts being made. 



CHAPTER XII 


COST OF MANUFACTURE OF SULPHATE QF AMMONIA 

SiNCE^Hhe first edition of this work was issued, the publishers 
and the writer have had several inquiries as to the cost of 
manufacturing sulphate of ammonia. 

This is a somewhat difficult question to answer, as so much 
depends upon the cost of carriage, labour, etc., that scarcely 
any two works are alike. While the writer cannot give figures 
in £, s. d. that could be taken as a useful guide, he purposes in 
this chapter to discuss the matter in such a manner that it will 
enable the reader, with his knowledge of the local conditions, 
readily to get out the information for himself. 

The- cost of production is best dealt with under the following 
heads, viz. : — 

. Materials required : — 

^Ammoniacal liquor. 

vSulphuric acid. 

Lime. 

Fuel. " 

Bags for packing the sulphate oi‘ ammonja. 

Wages : — 

i. Manufacturing account. 

Repairs account. 

Material for repairs. 

General Expenses : — 

Interest on capital. 

Rent, rates and taxes. 

Management, clerical work, etc. 

Depreciation of plant. 

Carriage of the sulphate of ammonia. 

Materials 

^ Ammoniacal Liquor , — ^The niethod of ascertaining the number 
of b^ns roughly required to make a ton of sulphate of ammonia^ 
is explained fully ''n this work on page 136, Chapter XV. Thfo 
value of the hquor^ may be taken as that of ‘one’s existing con- 
tract or may ibe taken from the quotation in the current numbers 
112 * 
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of the trade journals, due allowance being made for any saving 
of carriage due to using up tRe liquor in one’s own works. 

In some works it is the custom to debit all the other expenses 
first, and then take the difference between that and the value 
of the sulphate of ammonia as*being the value of the ammoniacal 
hquor, the difference between the enhanced value and the price 
obtainable by selling as hquor representing the profit through 
•converting into sulphate of ammonia. 

Sulphuric Acid . — As mentioned elsewhere (page 136, 
Chapter XV.) ton of sulphate of ammonia requirei^ ■*about 
14.84 cwts. of the pure acid ( = 18.3"' cwts. at 144° Tw.) for its 
, manufacture. The prices will be obtained from the nearest 
manufacturers. If the reader is a manufacturer sulphuric 
acid, We need scarcely point out the saving of carriage effected 
by using it on the works instead of dehvering to customers, 
also the reduction in cost of production of the acid due to utilising 
the sulphuretted hydrogen in the waste gases from the sulphate 
of ammonia process as a portion of the source of the sulphur 
for the acid manufacture. 

Lime . — The quantity of lime required will vary with the 
different ammoniacaf liquors. Those containing the [^eater 
proportion of non-volatile ammonias will, of course, take most 
lime. 

At one works with which the writer was connected for nine 
years, the quantity required during those years averaged 2.95 
cwts. of lime per ton of sulphate of ammonia produced. In 
another works with which he was intimately acquainted, the 
average during fi^Ri half-years was 3.12 cwts. 

Only lime of first-class quality should be used, such as the 
limes of ifhe Buxtorf, Skipton, Silverdale, etc.„ districts ; lirqp 
of inferior quality has a tendency to choke up the stilltJ. 

It is obvious that here again carriage has much to do with 
the cost. 

Fuel . — During the nine years at the works mentioned above 
■the fuel averaged 20.39 cwts. per ton of sulphate of ammonia 
produced, but (except during the first year) the bulk of this 
fuel was only fine coke dust after all the better qualities Jiad 
been riddled out. It was augmented by coal only when supplies 
of coke dust ran out. 

At the other works the average during Uie five half- 
years was 10.77 cwts. per ton, but here coke of good qualit/ 
was the fuel. 

Unfortunately the writer hfis not figures available where 
coal is used as fuel. 

, Bags for the Sulphate of Ammonia. — ^Thq^oags usuauy used 
are second-hand A^heat or sugar bags, tM fcfrmer generally^ 
being th€ best. Some works fill just 2 cwts. net* in each bag, 
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while others fill to the ^ull capacity of the bag. Strng for 
serving the bags has also to be allowed for. Where double bags 
are required, the buyer usually pays extra coast. 

Wages 

Here again local conditions are very different. At one of 
the works referred to above the following men were employed 
when making about 90 tons of sulphate of ammonia per week : — 
xureman (about two-thirds of his time. on sulphate of 
ammonia ; remainder on sulphuric acid process). 

Three boiler firers (each on 8 hours’ shift). 

Six saturator men (each on 8 hours’ shift). 

Two lime pump youths (each on 12 hours’ shift). 

About seven or eight labourers on day only. The labourers 
would also assist at times in other departments. 

During the nine years the cost pci ton of sulphate of ammonia 
produced averaged 9s. 2d. for process account, and is. 4d. for 
repairs. It should be added that at the commencement the 
plant was new and cost nothing in repairs during the first three 
and a half years. At the other works the cost for the five half- 
years averaged 6s. 2jd. per ton for process account, and 4d. 
per ton for repairs. 

I should say that it is a few years since these figures were 
taken, and since then wages have been considerably increased, 
especially in the town where the lower figures prevailed. 

Materials for Repairs 

r ^ ThCj writer has no figures available for this, but the cost 
(unless the plant is remodelled) is not heavy. A plate lead 
saturator should last about twelve years and at the end of that 
time should yield about- two-thirds of the original lead as 
scrap lead. 

General Expenses 

. Management . — In the works in which the writer spent nine 
years as superintendent or works manager iie had a young man 
as assistant. Between us we took tiie management of the 
whole chemi'^al works, including the sulphuric acid plant, drew 
’ most of our plans and did the whole of our laboratory work, 
kept the process books and furnished the necessary reports to 
the chief office. • 

’’The other .ol',5fical work was done jointly for the chemical 
works and adjoin ng gasworks, while the accounts were kept at 
the chief offiefe, i .1 the neighbouring city. ' . ‘ 

At a smcdl works he knows, the management is undeytaken 
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by the gas manager and cok* ovens manager jointly, both these 
undertakings ?rd others belonging to the same firm. The 
laboratory work is done by a young mail assistant, whose ^ime 
IS only partly occupied in this manner. 

Readers will understand tfie other items of general expenses 
quite as well as the waiter. ^ * 


Carriage of the Sulphate of Ammonia 

Aorks arc situated in the centre of an^cricul- 
tural district, much of the sulphate of ammonia may be sold 
locally but otherwise a considerable quantity is exported 
through the ports of London. Liverpool, Hull, Gool- •and Leith 
In addition to the cost of the carriage; fo one of these ports 
there wll be the shippers charges for placing tlie sulphate 
f.o.b. (loading, sampling, re-weighing, etc.), also the broker’s 
commission (usually i%) for selhng. 



CHAPTER XIII 




j:.-nufacture of crude ammonia or concentrated 

AMMONIACAL LIQUOR 

Since the; issue of the first edition of this work the publishers 
and the writer have been frequently asked to furnish similar 
particulars of other branches of ammonia manufactures. 
While we should like to be able to supply the manufacturing 
public with the information they desire, there are many reasons 
that prevent our being able to do so. 

The market for sulphate of ammonia is comparatively un- 
limited, the manufacturing process is a fairly simple one, 



and the manufacturers are most willing to assist each other 
in it. On the other hand, the market for many of the other 
products is a very restricted one and unlikely to expand, 
the processes are far more complicated, and in many cases the 
best processes are of a secret nature, so that the writer feels 
fnat it would be unkind to his old friends to reveal them. 

. While this arplies to many "of the processes, there is, however, 
one process that ^ic feels at liberty to give particulars of, viz. : — 
the manufactureif crude ammonia, or, as it jis sometimes named, 
concentrated arrSnoniacal liquor. 

Under certain exceptional circumstances, this process might 
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be a tisefol alternative to ^Iphate of ammonia manufacture, 
but the writer,\vould warn the reader at the very outset Uiat 
the process is not as simple as it appears, and that many fliffi- 
culties will present themselves {hat can only be overcome by 
patient experimental work m each individual case, if it is 
intended to obtain anytliing like good results. 

. The plant is shown in Figs. 102, 103, and 104. A concrete 
foundation is put in, and upon this a low boundary wall about 
14 inches high is built of bricks laid in Portland cement, the 

«U' 



whole forming a tank to collect the water which is *used for 
cooling the receivers, and passing it away either to the drain 
or to some place where its heat maf be utilised. 

The plant itself consists of the still, liming arrangements, 
etc., as in sulphate of ammonia manufacture, but ins^cead of a 
saturator there are four or more boilers, known as the “ Catch ” 
crude receivers. Nos. i, 2, 3, etc. (for convenience generidly 
spoken of as C.R. 1, 2, 3, etc.). 

In works where a sftlphate of ammonia plant is in existence, 
it is desirable to make the connection from th« still in such 
a manner that by turning the tee pipe at the top of the stiU 
round it may be made to serve for either the sulphate of ammoypia 
plant or crude ammonia plant as desired. This arrangement is 
shown in Fig. 105. The pipe end not in u^csliould be clbsed 
with a blank flange to prevent smell. 

Thv. delivery pl^^e from the still leads t(i^th 5 “ catch,” and* 
in^this cSse does not enter the boiler as a “ dip pipe.” 
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The “ catch ” and the' receivers are made from old steam 
boilers, either the old-fashioned egg-ended or dish-ended types, 
or old Cornish or Lancashire boilers from which the tubes have 
been removed, and the ends suitably plated up. As the pressure 



''*#arely exceeds lo lbs. per square inch, it is obvious that no ^eat 
strength is required. 

The “ catch ” and each receiver is fitted with a suitable 
wat^r gauge ma^^g of malleable iron (brass will not be found at 
all suitable), Eac,^is also fitted with a “ vacuum Jvalve ” made 
of cast-iron an 4 sh(|,wn at a in Fig. 103, and iq.full detail in Figs. 
106, 107, 108, and -109. To attach these vacuum valv'^s, a hole 
is cut in the end of the boiler, tapped, a nipple inserted, arcast- 
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iron c»ck is attached, and |d this is fastened another ' ninple' 
pd a tee, as shewn in Fig. no. The vacuum valve is insert^ 
in the lower branch ot the tee. While working, the presSure 
inside the catch or receiver keeps the valve closed, but when 
stopping the plant or pumping from it, vacuum forms the 
mushroom of the valv- lifts, and prevents any syphoning’ over 
^f the contents of the receivers. When the vacuum is satisfied 
the mushroom drops and prevents any escape of ammonia. 
In the upper branch of the tee it is desirable to place a pressure 
gauge. An evc\. better arrangement is to reverse the position 



of the tee, put the vacuum valve in the lower branch, and 
attach a syphon pipe to the horizontal one, to which is then 
connected the pressure gauge. By filling this syphon pipe wrth 
oil the life of the ’pressure gauge is considerably lengthened. 
It is desirable to remove, examine, clean, and oil the vacuum 
valves at frequent intervals, as there is a considemble tendenc}^ 
for them to rust or crystallisQ up ; hence the necessity for the 
cast-iron cock shown. 

The use of the “ catch is td retain the usujdly weak liquor 
caused by the rapid condensation of the stea^v^at comes from 
che still, and thps enable the much drier ^s tp pass forward, 
to the r^eivers. Ine weak liquor thus fStined may be used 
foi charging up the first C.R., but if more is fdhned than is 
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required for this purpose 'the best way is to return the 'fexcess 
to the ammoniacal liquor store for redistillation. 

From the “ catch ” the gasps pass along the two pipes h, 6, 
in Figs. 103 and 104, to the main, c, along the top of the first 
receiver. In each branch a cast-iron cock, /, is placed, so that 
they can be closed against the still, and steam turned on in the 
pipe, d, shown in Fig. 104, to clear away any choke due to crystal- 
lisation. From the main pipe the gases are led into the receiver 
, through, a scries of about six “ dip pipes,” e. These dip pipes 
are best made of light cast-iron similar to the' pipes used for 
the heating of greenhouses, but having a flange at one end. 


Fig. 108. 



Vacuum Valve. Fig. 109. 


• , 1^ 

The main is of cast-iron with flanges, g, over each dip pipe, so 
that they can easily be removed to clear the pipes from crystals. 

From No. i C.R. the gases pass along wrought-iron pipes 
to the main and dip pipes of No. 2 C.R. These also are of 
wiuught-iron, a plug in the top of the cross taking the place 
of the flange for probing purposes. The arrangements from 
No. 2 C.R. to No. 3 C.R. are again similar to the last-mentioned. 

From the last-named receiver the gases pass away either 
to the oxide burners, or Claus process, as shown in the sulphate 
of "ammonia plant, or they may be sent through an oxide of iron 
purifier. As the^quantity is v'6ry small, it is obvious that the 
box need not large capacity. 

.j A suction pip^/i. Figs. i02 and 104, passes over the wholJ 
series, and has a/branch with a tap into the catch find each 
'receiver. There is also a branch on the same series competed 
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C' 

with sP suitable water suppl}^ the whole being connected to a 
suitable pump. , The delivery pipe from the same pump pa&es 
over the whole series, as shown at i, in the same Figs., and^this 
has a branch, j, to the store tanks. Another branch should 
be provided to take the weak liquor back to the ammoniacal 
liquor store. It is ob'dous that such an arrangement enables 
ivatcr to be pumped into any of the receivers and the contents 
of either catch or any receiver to be transferred to any other 
of the series. Provision must also be made for getting the 
crude ammonia from the store to the railway tanks. *“11 the 
stores are sufficiently high they will fill the railway tanks by 
gravitation, but if not, suitable pumping arrangements will 



require to be made. It is best to have a separate pump for this 
purpose, as it may happen that at the time it is desir?M to load 
a railway tank the receiver pump may not be available. 

2 -inch wrought iron pipes perforated with small holes jjass 
along the tops of Receivers, Nos. i and 2 . These are supplied 
with water either by ni^ans of a pump or an overhead tank, and 
are used for cooling the receivers. 

The wear and tear on the catch is very heavy. The writer’s 
experience is that they rarely last more than eighteen months 
to two years. C.R. i. geneiaily lasts about four years, while 
^ the other two last much longer. 

To stort the plant, each of the three /^ceivers has water 
pumped in until tii». dip pipes are just nicely, sekled. The stilf 
is^then started in exactly the same manner as i& sulphate of 
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ammonia making ; but it is desirable to use as slight an excess 
olkeam as possible in order to avoid making weak crude. 

Goon the condensings will begin to show in the water gauge 
of the catch ; and when it gets about half full a sample may 
be drawn and tested. It may be of full strength, i.e., about 
15% NHg, in which case it may be pumped straight away to 
the store tank. It is, however, more likely to be below this 
strength, in which case, if there is plenty of room, it may be 
pumped into C.R. No. i. If there is not room there, the 
alternative is to pump it back to the ammoniacal liquor 
store, for re-distillation. 

The contents of No. i C.R. will gradually increase in strength 
until they 'reach about 15% NHg, when they may be pumped 
away to the store tank. A portion of the contents of No. 2 C.R. 
is pumped into No. i C.R. to re-charge it, a portion of the 
contents of No. 3 C.R. is pumped to No. 2. C.R., and a little 
more water is pumped into No. 3 C.R., and thus the process 
goes on, no stoppage of the plant being necessary wlule the 
pumping proceeds. 

Tests of the contents of the catch and crude receivers are 
made'bnce or twice a day, and, according to the results, instruc- 
tions for pumping are issued. The make is chiefly in No. i C.R., 
No. 2 C.R. Rarely gets above 4% NHg, and No. 3 C.R. should 
not be allowed to get beyond 2% NH,^. 

The desideratum for crude ammonia for use in the ammonia- 
soda process is 15% to 18% NHg and as much HgS as possible, 
3% being very acceptable, and the buyers do not like it less 
than ii% to 2%. It is sold on the basis of the percentage of 
ammonia, at so much per unit of NHg jjer ton, a jninimum 
percentage requiring to be guaranteed. 

The main thing is to avoid getting flooded out with weak 
liquor, and the chief difficulty is the strong tendency for the 
crude ammonia to crystallise during cold weather. 

It may be of interest to note that when the crude ammonia 
crystallised out, the crystals themselves will be much stronger 
and the liquid left much weaker in NHg than the original liquid 
before crystallising. 
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The plants mentioned in the earlier parts of this work are of 
;izes adapted to the requirements of works of various sizes, 
but it may happen that in a very small works no spare steam is 
available for such a plant, or labour suitable for the continuous 
process is not conveniently to be found. 

To meet such cases Messrs C. & W. Walker, Limited, have 
devised the small plant shown in Figs, iii and 112, where A 
is the still, B the lime mixer, C the saturator, D the condensing 
plant, E the oxide purifier, and F the store for sulphate of 
ammonia. This plant, is suitable for gasworks producing only 
a small quantity of ammoniacal liquor, and with limited capacity 
for storage of liquor. 

The apparatus consists of a horizontal still, baffle box, 
saturator, mother liquor well, draining table, anJ stores for 
sulphate,^ condenser, devil liquor syphon, purifier, and liming 
tank. * ^ 

The still co^.sist^ of a steel boiler 3 feet in diameter by 9 feet 
long, buir, in a brick setting, with furnace door and frame, 
fire-bars, pampers, ef^., and steel chimney. The furnace gases 
pass under the boiler, and return in brick flues elong e.|ch .^ida 
to the chimney. The still is fitted with gauge fittings and 
glass pressure relief pipe, vapour dome, manhole, sludge outlet, 
lime inlet, and liquor inlet. The “ frte ” ammonia is first driven 
• off, lime added, and the distillation continued until th'^ spent 
liquor contains the lowest percentage of ammonia desiVed. 

The cast-iron baffle box consists of a o-shaped box with 
diaphragm, and dnin pipe for arresting the aqueous vapgiu 
carried mechanically forward with the ammonia gas, the drainage 
being returned to the siiU. 

The liming apparatus consists of one mixing t^k with wire 
screen and draw-off pipe and cock, and is fixed on an elevated^ 
platform for running direct into the still. 

The saturator is of the usuaA fishing type, formed of pure 
chemical lead in a stout timber case with a pc ' rated ammdnia 
pipe and waste gas outlet. The saturator ]/ supported on an 
ordinary brick or concrete foundation, and is ’/laced in a shallow* 
leg^ ■‘■rajT having a fall towards the mother liquor well. 
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The mother liquor well can be formed either in concrete or 
brickwork, and lined with chemical sheet lead, pr can be made' 



from pitch pine i) the form of a tank, and lead hned. Tb<' 
latter has the adv ntage that any leakage can be easil^5 detected 
and made good. 
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TJi» draining table consi|ts of the usual timber lead-lined* 
tray, placed so^ as to run the drainage back to the saturator, 
and is made large enough to hold the day’s make. 



The stores for sulphate are# large enough to store a id-ton 
lot, the bottom being lined with light sheet and protected 
with loose timber flooring in the usual way/ . , 

The condense! consists of vertical piped the lower portioife 
ifiimersed m a water pit. A small, ueviljiquor syphon 
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is provided, and a water spray arranged for use in v^ry hot 
w(fdther, so as to cool the waste gas to the desired temperature. 

^The purifier consists of a smdl brick box with the gas inlet 
pipe carried to the centre, arid covered with a wood grid, the 
oxide being heaped up as required. 

This plant is easily worked by unskilled labour, and its 
small cost allows of a good return for the capital invested. ^ 

The following exceedingly interesting paper read before the 
Southern District Association of Gas Engineers and Managers 
at theii meeting on 5th November 1910 appoircd in The Gas 
World, together with a leading article and a report of the 
discussion which followed the reading of the paper. By the 
kind permission of Mr Moon and the Editor of The Gas World, 
we have pleasure in reproducing the paper, as follows : — 

Ammonia, the residual from which gas undertakings of a 
fair size expect to make a respectable profit, is to very small 
works often nothing but a nuisance and a source of loss. Any 
ammoniacal liquor that may be made presents great difficulty 
in its disposal, as the cost of carriage absorbs all the profit on 
its sale, unless the works are very favourably situated ; and 
the capital expenditure necessitated by the installation of a 
sulphate of ammonia plant of the ordinary type would not in 
most cases be justified, in view of the small quantity of liquor 
to be dealt 'with and the fact that the plant would be standing 
idle for, say, eleven months during the year. Furthermore, 
sulphate plant of the ordinary type requires constant attention 
of a more or less skilled character, and monopohses the whole 
time of one man while it is in operation. 

It is, therefore, not an uncommon tiling to find^ that in a 
smgU v^jorks nor attempt whatever is made to recover ammonia 
from the gas. The water in the purifier lutes and gasholder 
tanks is converted in time into weak hquor ; and the gas dis- 
tributed to the consumer Is full of free ammonia. The inevit- 
able result is trouble on the district caused by the sticking of 
taps and* the corrosion of burner nipples and fittings. The 
weak liquor that is unavoidably produced on the works is 
allowed to drain away, either into some adjacent water-course 
or into the public sewer, and is bound soOlier or later to give 
trouble. 

The worlds at Wareham, supplying about 5,000,000 cubic 
feet of gas per annum, were in much the above plight about 
eighteen months ago. We were concerned as to how best to 
improve matters ; and on the suggestion of Mr Wilton we decided 
to instal a sm^II, experimentfd plant on what are, I believe, 
somewhat novel liji es — ^at any rate, in ordinary gas-coal practice 
'At Wareham thej®^ is only one man on shitt by day i nd one 
by night, with the manager to read meters, do all hecossary 
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^lttin^'^J^vork on the district, and attend to public lighting, etc.® 
Obviously any plant to be successful would have to be so sin?ple 
that an ordinary country- workman could not fail to underslsand 
it, and so arranged that it would not entail any considerable 
extra labour on the staff. • 

The plant installed at Wareham is shown in Fig. 113, and 
has now for se^-'cral months proved to fulfil admirably the 
^bove conditi^^ns: The coal gas, after passing the condensers 
and a small purifier filled with heather, which acts as a some- 



what crude tar extractor, enters the lead saturator A, and 
bubbles througli the weak sulphuric acid contained therein.^ ^ 
We have proved by careful experiments that there is no ap- 
parent loss of illuminathig power due to the absorption of hydro- 
carbons from the gas, so long as the strength of the acid is kept 
below 4° to 5° Twaddcl. In starting the acid washer, therefore^ 
the acid is mixed to about 3° Twaddel. At this strength, 
avidity with which it will absofb the ammonia renders it un- 
necessary to work with more th^p i inch "^0 /^Viches of sel.1 in 
^he washer. Sulphate of ammonia is foiTnc|t in solution ; and 
tlie spcci^c gravity c ' the washing liquor slowly rises. * 

A simple calculation gives approximate^ th^ amount of 
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sulphuric acid that should be added from day to day to ngutraUse 
the ammonia produced from the Amount of coal carbonised per 
twfnty-four hours. This amount is added to 'the saturator in 
half quantities each twelve hours. Roughly, about 23 lbs. of 
acid of 142° Twaddel would be required per ton of coal if all the 
fixed and the free ammonia had to be neutralised. Where the 
free ammonia only is dealt with, as at Wareham, about 13 to 
16 lbs. only is required. These amounts will, of course, var^ 
according to the kind of coal carbonised and the heats used. 
Adding acid in this way, in the quantities necessary only for 
each day’s make of ammonia, the specific gravity of the wash- 
ing liquor increases regularly ; but the amount of free acid 
in solution is never high enough to affect the illufninating 
power. 

When the strength of the solution reaches 45° to 50° Twaddel, 
it is drawn off in small quantities each day, so as to keep the 
seal approximately constant, passed through the two small 
wooden, lead-lined filters BB (filled with sand on a layer of 
felt), and, when enough has accumulated, transferred to the 
evaporator C. This, at Wareham, where exhaust steam is 
available from the exhauster engine, is a wooden, lead-lined 
vessel of the shape shown, with a flow-and-return lead pipe for 
the steam. Very little concentrating is needed, as at 45° to 
50° Twadcfel the sulphate of ammonia solution is very near 
crystalHsing point. 

In works not using an exhauster, and therefore with no 
steam available, a- cast-iron lead-lined evaporator of convenient 
shape, sitting either on the waste-gas flue 0/ on top of the beds, 
would be quite effective. Crystallisation , soon takes place, and 
rthe sa^t is put. on the draining board i) to drain,' the small 
aij^ount of mother liquor left being mixed with the next batch 
for concentrating. Very good coloured salt is made by this 
process ; and the sample^^of Wareham salt exhibited gives an 
analysis of 25.2 per cent, of ammonia. A good local sale can^ 
usually ^be cultivated with very httle trouble, as mqst small* 
works are of necessity situated in a country district. 

V In a small works such as Wareham, the amount of virgin 
liquor from the hydraulic main is hardly sufficient to warrant 
the installing of a lime still to liberate the fixed ammonia. But 
the whole of this liquor, and the stronger liquor from the con- 
' densers, is pumped through the hydraidic main twice ; so that 
a? much free ammonia as possible is driven off into the gas. 
The virgin liquor run to waste at Wareham amounts to ap- 
proximately ii^allons per to;i of coal, containing free ammoma 
equal to i.i lbs. and fixed ammonia equal to 4 lbs. of sulphate, 
This is equiValeic to a total waste of 5.1* lbs. of S;ulphate of 
ammoni a per tonv The plant has been working for thrd/ months ; 
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ana’ocver this period 14 Ibs.^of sulphate of ammonia have been 
made per toi\ of coal carbonised. In addition to this, •gas 
entirely free from ammonia has been distributed, and the V^aste 
liquor to be disposed of has be^ considerably reduced in both 
strength and quantity, * 

It is necessary with a process of this kind to keep the saturator 
^liquor constantly on the acid side. If it were allowed to be- 
come alkaliiiu, sulphuretted hydrogen and carbonic acid would 
be absorbed ; and when the next acid was added, these gases 
would be given off in considerable quantities. The “^purifiers 
would be overtaxed by the burst of sulphuretted hydrogen, and 
The illuminating power of the gas would certainly suffer tem- 
porarilv from the extra carbonic acid, if oxide only were used 
for purincation. Fortunately, it is quite* easy to avoid this 
trouble. 

With regard to the financial side of the question at Wareham. 
As there is no fuel or labour bill to be met, practically the only 
charges against the sulphate sold arc the cost of the acid used 
and the interest and depreciation on the plant itself. The 
capital outlay is, however, so small, and the wear and tear of 
plant so inappreciable, that these charges do not amoifnt to 
very much per ton. 1 estimate that, selling the sulphate of 
ammonia produced at £11 per ton, there will be a jiet profit of 
£y per ton sold. This will yield a total profit for the year equal 
at Wareham to an increased dividend of 0.6 per cent. 

What* has been done at Wareham on a v^ry small scale has 
been done on r larger scale, and therefore much more thoroughly, 
at Dunst ible, by Mr Phillips, who has kindly accorded to me 
permission to give jpu the particulars of the plant and his 
experience with it up to date. At Dunstable* between 
and 2500 tons of coal arc carbonised per annum ; and the fifed 
ammonia therefore is sufficiently significant to be worth recovery. 
The gas as it leaves the hydraulic *main is passed through a 
speciily constructed condenser-washer, so arranged that, as the 
hquor condenses, it flows in a reverse direction to the 'gas, and 
leaves the apparatus warm and containing very little free 
ammonia. > • 

This liquor is conveyed to a direct-fired distillation ap- 
paratus, where it is treated with alkali, and the ammonia driven 
off to the acid washer through which the main stream of gas, 
passes. The spent liquor, which averages about 10 gallons to' 
the ton of coal carbonised is ccuveyed to a shallow tank on 
top of the retort bench, and is e^sEporated yo drvness. It will be 
»een that the quantity of effluents by this 'ojl^^ .lU is q|(|y ab()ut 
■r^e-fourth of tha+ wliich would bd produca^ ordinary 

nethod'of water ^Vashing and steam distilj| on.' Thus, at a 
>m^lDw(ifks ^arbonising, say, 10 tons a Gdal pen day. there 
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would only be loo gallons of effluent to dispose of ] and Jbis, if 
desficd, could be easily evaporatea in the ash-pans. 

Referring to Fig. 114, B shows the 
fractional condenser- washer, consist- 
ing of ^six bubbhng trays each work- 
ing with a seal not exceeding i inch. 
The hot gases from the hydraulic 
main enter the washer at the bottom* 
and pass upwards through all the 
six trays. The two, top trays may 
be used as naphthalene washers by 
tilling them with a suitable solvent,, 
such as oil tar, which also sdrves to 
remove the last traces of coal tar 
from the gas. The middle two trays 
arc provided with cold water cir- 
culating pii)es, which may be ad- 
justed so that the exit gases are 
reduced to any desired temperature. 
The bottom ,two trays receive the 
condensed liquor from the trays 
above, and also the tar and hquor 
from the hydraulic main. The hot 
gas bubbling through the liquor in 
the two trays raises its temperature 
considerably, drives off mdst of the 
. free ammonia, and the liquor passes 
away from the Washer at ^bout 100° 

■ to 120° Fahr^^ or very little lower 
than the temperature of the inlet 
: gas. 

Through the exhauster, C. the 
**gas now passes to the acid washer 
I). This is arranged with trays so 
that the gas is washed threg times. 
Sulphate of ammonia solution is 
formed, and is constantly circulated 
through the receiver Y and overhead 
tank X. Add is added at intervals, 
so that the liquor entering the 
washer contains i per cent, and 
leaving the washer only o.i- per 
cent, of free acid. The strength of 
the sulphate liquor gradually in- 

/ creases ; and when it reaches 45° t,o 

run off to the evaporator 'G, where, ib is coh- 
centraiea oy means of a small steam coil and crystalhted^ The 
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salt‘ Irainer H is also proved with a steam coil, so that each 
batch ot sulphate can be dned before removal — tlius makiftg it 
unnecessary to have a lead-lined store. ^ 

The virgin liquor containing the fixed ammonia is pumped 
from the outlet of the conttenser to an overhead tank, from 
which it flows by gravity to the direct-fired still I. A direct- 
fired still is used in preference to the usual type, so as to prevent 
the increase in bulk of the effluent liquor due to the condensed 
steam. It is easy to operate ; and it is of importance to note 
that the lime ^.ieposit does not adhere as with stcaifl, and is 
therefore quite easy to remove. Fi-ially, the effluent liquor is 
pumped into two tanks 8 feet x 3 feet q inches x 6 inches deep, 
laid on the top of the retort bench, where it evaporati - to dryness. 

The whole plant is exceedingly simple to* operate, and does not 
call for any increase whatever in the works staff. Liquor tanks 
become quite unnecessary, and there are by this process no 
smells of free ammonia and sulphuretted hydrogen about the 
works. There is no effluent, and no possibility of nuisance of 
any kind. It has not yet been possible at Dunstable to obtain 
figures with regard to^the make of sulphate per ton of coal ; but 
as there can be no escape of ammonia at any point in the process 
the yield must, of necessity, be fairly high. The first plant 
installed at Dunstable was liardly so complete as tliat described ; 
but it was sufficiently successful to warrant the cdhstruction of 
the more complete system outlined above. 

, Enghieers who have seen the process in operation at Dun- 
stable have been considerably imj)resscd with its simplicity 
and efficiency ; afid at the time of writing this paper, at least 
four engineers have placed orders for similar plants. 

The ( 3 hly criticism that can, I imag:ine, be made on pa>cess 
of this kind is that one loses the purifying power of the ammonia 
for the partial removal of carbonic acid and sulphuretted 
hydrogen. If the best use possible by ordinary scrubbing 
methods is made of the ammonia, about 200 to 300 grains of 
^arbonic acid and 100 to 120 grains of sulphuretteaniydrogen 
per 100 cubic feet of gas are removed by the scrubbers. In 
works using oxide only for purification, the extra sulphuret,ted 
hydrogen would be absorbed by the purifiers without trouble, 
and the carbonic acid vfould pass forward into the gas, increasing 
the volume by about 0.5 per cent, and reducing Jhe illuminat- 
ing power by about 0.3 candle. In most small works thi? 
would be quite unnoticed, and would in any case be well witJ'ffi 
the ordinary variations of ihuminating power. Where lime 
only is used, the net result would be a sh jh*' increased u^ of 
lime, the cost of which would bet much moj'r than covered by 
the profif from me sulphate, and the g’'ea|f, ici\^ntage of dis-* 
tribu^inp gar free irom ammonia. 
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As a matter of fact, in most small^works anything like fujl-duty 
is vbry seldom obtained from the ammonia as a purifying agent 
for earbonic acid or sulphuretted hydrogen, and the additional, 
quantities of these gases pas^ng to the purifiers would not 
amount to anything like the figtires given above. Although 
the process up to the present has been applied to small works 
only, it has advantages which, under special local conditions, 
might make it worthy the attention of much larger undertakings. ' 
Scrubbers, either of the tower or rotary type, and large liquor 
storage tanks would become quite unnecessary,, and the waste 
exhaust steam that abounds in many works could do the neces- 
sary work instead of the plentiful supply of live steam required, 
by the present methods. In addition to this one would have 
a practically continuous process of manufacture instead of an 
intermittent one. 

In conclusion, I should like to take this opportunity of 
thanking Mr Philli])s for his kindness in placing the particulars 
of the Dunstable plant at my disposal, and Mr George Wilton 
for the help he has given me throughout. 
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MISChLLANEOUS : ALKALI, ETC., WORKS REGULATION ACT, I906 
— factor;/ acts (special regulations) — RESI’ fRATORS — 
SULPHURIC ACID— QUANTITY 0 " AMMONIACAL LIQUOR RE- 
QUIRED TO MAKE A TON OF SULPHATE- ANALYSIS OF WASTE 
LIQUOR 

All sulphate of ammonia works are compelled to be registered 
under this Act. Application foi registration (accompanied by 
a fee of £3) should be made to the Local Government Board, 
Whitehall, London. The registration requires to be renewed 
and the same fee paid annually. 

This Act is admijiistered in an ideal manner. It has always 
been the wish of the authorities that the manufacturers should 
feel that the inspectors under the Act should not be looked 
upon as police, but rather as the mutual friends of the manu- 
facturers and the outside public, working toother for the 
common good. The inspectors are gentlemen who have a 
thorough knowledge of chemical works, and during the writer's 
thirty years’ experience of intimate contaft with them he has 
experienced noting but kindness and consideration at their 
hands. ^ 

Prosecutions under the Act are very rar^ and in alj ca^es 
where they do take place the feeling of the manufacturers is 
that the delinquents richly deserve the penalties inflicted upon 
them. • 

Factory Acts. Special Rules for Chemical Wo^ks 

A copy of these rules (twelve in number) must be posted up 
in each chemical works. Copies may be obtained (price, ijd. 
post free) from H.M. Stationery Office, Kingsway, London, 
W.C.2. • 

Under Rule 9 it is enacted that Respiratory charged with 
moist oxide of iron shall be kept for use when required wlfen 
working amongst sulphuretted hydrogen or other poi?j?rous 
gases. Two forms of such respirators, made by Messrs Zimmer 
& Co., are shown in Figs. 115 and .^hen received, the 

^ cavity is filled with a sponge. This mu;^ bS* removed and re- 
* placed *vith a smail musUn bag filled wit^. .bis! oxide of iron— 
yei. jfbrif^lng material will do very well.* 'fher^ is some little 

“ ^ ‘ o 133 
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doubt as to the perfect safety of thir form of respirator, af pos- 
sibly^* some little sulphuretted hydrogen passes, through the 
‘moisl 5 * oxide of iron ere it becoipes active, and this may prove 
a source of some little danger. 

But whatever doubt there may be of the efficiency of the 
above respirators, there is no doubt whatever of the efficiency 
of the apparatus made by the same firm and shQwn in Figs. 117 
to 120. The canvas helmet is placed over the head as shown 
in Fig. 1 17 ; the foot bellows, Fig. 118, or the hand bellows, 
Fig. 119, is put in the pure open air and connected by means 
of the armoured india-rubber tube, Fig. 120, to the tube at the 




Fig. 115. — Aluniiiuum Re.;pir,itor. Fig. iifi.—Uiuversdl Valve Respirator. 


« 

back of the helmet'. The current of cold ai^ passes over the 
face of the wearer of the helmet, sweeping away all pcisonous 
gases before it, and so long as the bellows a_'e at work the man 
is absclutgly safe.* 


Treatment of Persons accidentally poisoned by Sulphuretted 
Hydrogen, etc. 

A very useful notice as to what is to be done under such ♦ 
circumstances is issued in sheet form, suitable for framing, 
by the proprietors of “ The Chemical Trade Journal ” (Messrs 
Davfs Bros.). 

A copy of this should be put up in a aonvenient part of the 
works. 

Sulphuric Acid 

X^ie carriage of this material in carboys should only ‘ be 
adopted as a last resource, as *che writer knows of no more 
disagreeable task than unloading a truck containing carboys 
of acid, when one qv two have been broken in transit, and,, 
however carefully tKe packing may be done at the acid v^orks, 
breakages in transit are of frequent occurrence. Wherf, Ibwr 
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evefp 'icid must be taken inprboys, look well after the empticS, 
as neglect of, this leads to nxuch friction between the niaker 
and consumer of the acid, and the makers have certainly (much 
cause for complaint in this dirtTction. 

Where a railway siding rifns into the works and the quantity 
of acid consumed w?rrants it, it is best to have the acid sent 




Fig. iiH, 


hiG. 1 1 7. 




I'lG. 120. 


Fig. 119. 

Zimmer’s Safety Hood Resi’Ikator. 


in steel railway tailks holding about ten tons each. In this 
case a storage tank made of wood lined wdh 8 to 10 lb. 
lead should be provided and fixed in such a position that ’the 
acid may be run into it fre-m the railway tank by gravitation. 
It should be sufficiently laigeio allow the whole of the contents 
of the railway tank to be run plf into ’'" -at le operation, as to 
partiallv empty the railway cank and then slimit it up and down, 
often yith the iiv*n-lid insecurely fasteni is •disastrous to ♦he 
^wc*l-l»cin^' of the tank. A storage tank to t^et ^ 6 feet x 4 feet 
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v,ill comfortably hold ten tons of acid. From this tanl^^it is 
elevfted to the tank for supplying the saturator, either by 
^meai)^ of an acid elevator similar to that shown in Figs. 30 
and 31, or by a steam regulus’ injector. And here the writer 
would like to put in a plea for the acid maker with regard to 
the detention of the railway tanks. These tanks are not intended 
to act as acid stores, and for a consumer to keep them under load 
day after day while the maker is pressed for them to supply 
his orders is decidedly unfair. 

The arcid should be sampled on receipt, the best way to do 
so being by taking the man-lid off the tank and dipping a 
long glass tube f-inch in diameter right through the contents 
(except the little dirt that accumulates at the bottom of the 
tank), using the tube as a pipette. Get the acid to 60° Fahr. and 
test with the hydrometer. Should it show too low, before 
complaining check the correctness of the hydrometer by means 
of the specific gravity bottle. It will often be found that the 
hydrometer and not the acid is at fault. If acid is kept for 
some time a sample taken from the bottom of the tank will 
often show much higher than if taken frgm near the surface. 
The wsiter remembers a case where a complaint was made 
about the strength of some acid, and on the acid-maker’s chemist 
being sent over to investigate it he discovered that the sample 
had been takifcn from the surface of a tank where it had been 
stored for about two months, and further that the tank was 
situated in such a position that rain readily blew into it. 
Comment is unnecessary. 

Where the acid is supplied by a firm withiii carting distance 
of the consumer’s works it may convenie.ptly be brqpght in 
st^gl parrels holdmg either ‘about 25 cwts., or 2 tons 10 cwts. 
each, and^discharged into a similar (but not necessarily so large) 
tank as that suggested for that received by rail. 

A, ton of sulphate of ammonia requires about 14.84 cwts. 

' pure acid ( = 18.32 cwts. at 144° Tw.) for its manufacture. 

Ammmiiacal Liquor 

To ascertain the quantity of ammoniacal liquor required, 
roughly, to make a ton of sulphate of aiftmonia, divide 25.75 
by the percentage of total NH3 contained in the liquor. The 
answer will be the required quantity expressed in tons. To 
ascertain the actual loss of ammonia in working, a small sample 
of the ammoniacal liquor that is being used should be taken 
at regular intervals, say every six hours, and placed in a 
Winchester quart bottle, provided with an india-rubber stopper, 
and at the end of each week an average sample taken frqnx thi..^ 
and tested for ,totarNH3 as previously described. If thj uns* 
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of consumed b? multiplied by the fi^ire and the result* 

divided by the actual percentage of ammonia contained in The 
sulphate of ammonia delivered during the week, the result^'will - 
show the quantity of sulphate of ammonia producible, from 
which deduct the amount actually produced, and the' difference 
will represent the loss. 

(Should the qjiantity of mother liquor in stock at the close 



of the week be greater than at the beginning, it is obvious tlfat 
this will account for some of the apparent loss.) 

Analysis of Waste (or Silent) Liquor 

In a large works, samples f the waste liquor as it leave., 
the still are usually taken every*half hour ^d placed in 6-oz. 
c»rked bottles. Should a sample smell oi ar^ ij^nia, the bottle 
i.i^marked with a <"ross in chalk, and this m’tici^jar sample is. 
then tc.ite<i separately. As each bottle is #. labelled with 
th^time^thc ..ample was taken or placed m^a particular order, 
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should the suspected sample test -high, the time can be Ibcated 
and the matter taken up with the man in charge. To reduce 
the^ number of tests the remainder of the batch for each 8 or 
i2-hour shift may be mixed to form one sample. 

The samples may be tested for total NH3 in the same manner 
as that described in Chapter II. for testing ammoniacal liquor, 
except that 100 c.c.’s of the waste liquor and only 5 c.c.’s of the 
normal sulphuric acid are taken, this, of course, modifying the 
calculation accordingly. 

Or, if preferred, the apparatus shown in Fig. 121 may be 
used, in which case the distillation is made into distilled water, 
and titration with normal sulphuric acid only is required. 

In good working the total ammonia sliould not exceed 
0.02%. 

To test for the free lime, shake up the average sample 
thoroughly, take 100 c.c.’s, boil in a beaker to expel the 
ammonia, and then titrate with normal oxalic acid solution 
(made by dissolving 63 grammcis of the crystals in water and 
making up the bulk to i litre), using a solution of phenol- 
phthaleine as the indicator, i c.c. would equal 0.02^’ calcium 
or 0.028% calcium oxide. A suitable quantity of free lime 
would be, say, from 2 to 
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FEATURES IN DESIGN TNG A SULPHATE OF AMMONIA HOUSE 


An article <. ititled as above by Mr Frederick Shcwring is here 
reproduced, with additions, from the Gas World, with the author’s 
acknowledgments to Mr Sliewring and the publishers of The Gas World. 

It does pot fall to the lot of every * ngincer and manager of 
gasworks to have to build a sulpliate of ammonia Iiouse and 
instal t^e necessary plant. For this reason it is po' >ible that 
this subj(‘ct has not had the same amount xif consideration as 
is apt to be devoted to the design or erection of the various 
other plant found on a gasworks. It is observed on some 
works that the stills, heater and saturator are housed in some 
makeshift building, and it is perhaps not until the apparatus 
has to be overhauled, or imj)rovements added to procure 
efficiency, that the dra^vbacks of the situation become obvious. 

There are a few outstanding details which command atten- 
tion, when designing a new building to take new manufacturing 
plant, and althougii they may have to bo varied jir modified 
ill some instances to meet special local conditions, it is well 
to have them under consideration beforehand, and endeavour 
to take ^vantage of any feature of conveni^mce. The writer 
has in mind a ^ase where a scaffold or legs have to be employed 
each tim. To enable’^the sections of the stills to be taken apart. 
With a liy:le foretlvTjght, at the time when the building was 
erected, provision could easily have been made ffir a perpiaaent* 
structure to have been added to attach a set of lifting tackle, 
without incurring extra expense, sinjply by the rearrangement 
of the rolled steel joists which support the crude ammoniacal 
, liquor storage tank in the building. It is always well to bear 
ill mind, that, owing to the destructive effect of any shlphuric 
acid that may leak through the draining floor, or from the acid 
tank, the portions 3f the plant that are likely to be affected 
from such cause, such as, for instance, a chimney-stack (if steam 
happens to be generated in the building), stills or overhead 
tank supports should be kept as far as convenient from tfie^ 
vicinity of acid storage accommodation. 

The Site 

, Any special advantages that the site at'' lor attaining 
cqpnomy in mat^'^rs of unloading acid tao'ts, t^pplying the, 
ammoT iactil liquor to stills, or feeding tB<^ ^satui:;ctor direct 
wilii acifl Without the employment of mechanical means are 
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features that should receive due, conside»'ation. The goading 
of che sulphate from a higher level into carts or railway trucks 
saVos cost in handling, and these matters materially assist in 
making the manufacture of 'sulphate of ammonia more re- 
munerative. It is really a question of levels. It may not 
prove advantageous to specially provide for all these con- 
veniences on some sites, but with a little scheming and judiciou<s 
expenditure, the costs can, under certain circumstances, soon 
be recouped. 

Chimney Flue and Stack 

It is more costly to instal a steam-raising plant solely for 
use in sulphate manufacture than to obtain a supply of steam 
from the existing plant found on all gasworks, other than the 
very smallest. It takes a cf^rtain amount of the attendant’s 
time to look after the firing of the boiler, and this time could often 
be more profitably employed attending to the working of the 
plant. If, however, there is no alternative but to include a 
boiler in the sulphate house, the question of providing a chimney- 
stack and its position are features to be considered. 

The idea, that has been jmt into practice, of running the 
flue from steam boiler to chimney alongside of the drying store, 
with the object of furnishing heat to assist the drying of the 
sulphate, i^ excellent, if precautions are taken to rigidly prevent 
the mother liquor from gaining admittance into the brick- 
work or flue. Artificial means of drying the sulphate are 
essentially convenient at times, more particularly on works 
which have not a centrifugal drying m.xhine. The writer 
does not, however, like the practice of forming the chimney- 
stack on the corner walls of the building, unless the house is 
of large dimensions. Even in this case, the walls that form 
the back of the drying store should obviously be avoided. 
The erection of the chimney-stack a short distance from the 
sulphate house is preferable in the majority of cases, and any 
underground acid storage tanks that may have to be provided* 
should be kept at a reasonable distance away, consistent with 
the convenient handling of the acid. The writer has an instance 
in mind where a chimney-stack was almost ruined owing to 
acid finding its way into the foundations. 

The Floor Level 

The floors of sulphate houses, apart from drying store, are, 
almost without exception, kept on one level ; but if the effluent 
liquor, or a portion of it, is intended to be used for lime-slaking 
or lime-mixing purposes, it is advisable to fix the liming tanks 
at a lower level than the stills, to enable a feed of effluent to 
gravitate to the liming tanks as required. This will\^ave em- 
ploying jlv injector, steam or hand pump for lifting the liquor. 
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whicir^vvill prove a, source of* convenience. The floor space^ 
where the liniiiig apparatus is to be fixed should be 2 feet 
lower than the remainder of the floor of the building. Ifr^the 
mixing tank is then let into the 'ground another 12 inches, the 
slaking tank can be fixed sufficiently low to enable the spent 
liquor running from the secondary still to gravitate to it. 

^ It may be argued that the stills themselves could be fixed 
on a brick 01 cohcrctc foundation a couple of feet above floor 
level, and there would then be no necessity to excavate the 
ground especialls' to accommodate the liming apparatus. This 
arrangeyient would quite meet requivments ; luit it is by far 
the most costly method to adopt. The height of building 
would correspondingly be increased. 

The floors of sulphate houses may be fovnu'd of asph lUe, or 
bricks laid without cement or ni#.rtar jointing, in preference to 
a cement flooring. The former methods can more easily be 
re-levelled and repaired as occasion demands. 


The Draining Floor 

The chief points to aim at in constructing the dr«,ining 
floor is to see that sufficient fall of floor is provided to tlie mother 
liquor well ; also, that the bearer joists are deep enough to 
prevent the mother liquor saturating the sulphate In the event 
of the sheet-lead lining becoming buckled, and to guard against 
the possfbility of the drainings leaking into the floor or brick- 
work ot J;he building. Fig. i shows the proposed method of 
laying t] .; bearer j(^bts with the object of collecting the drainings 
to one v^ll, providtdnear the centre line of the draining floor. 
The lead-lined floor, from the walls to centre.^ should be^ laiji 
sloping, with a i|-inch fall for every 8 feet run of flooring, d'he 
bearer joists or floor board supports, which are laid loose on the 
sheet-lead, should be 4-inch by 3-iifch or 5-inch by 3-inch red 
deal By having the joists 4 or 5 inches deep, provision is made 
?or t be. acid to flow freely to the well, even in the event of a 
lifting action of the sheet-lead taking place, as is known to 
happen frequently. 

The height to \vhich the sheet-lead may be carried on the 
side walls of the buildings is usually governed by the depth 
of floor space allotted for storing the sulphate. ^ If the front 
part of the storage accommodation is not boarded up, th<! 
width of floor from back to front may he taken as the flight 
to which the sheet-lead may b« extended up the walls. ^ llic 
sides of wall should afterwards J)e matehbeir ^^d. The writer 
does not think +hat any advantage is fe,an€(l by fixing a 
’S^boden ^famework ^.round the walls on wife h tlte sheet-lead is 
attao^ierf. although some engineers prefer it."^ • r sequdng the top 
pfslu ^t-lead,to -walls, 4-inch by 3-inch wooden bl©ck.sj^hqjild be 
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built into brickwork, andp 3 -incli 
by '• 2 -inch or 4 -inch by 2 -inch 
horizontal merriDers attached 
thereto should be extended 
around the storage floor. The 
sheet-lead can then be dressed 
over this and suitably secured. 

It is a wise precaution to give' 
several coatings of tar on the biick- 
work around the sulphate storage 
room, and in fact the whole in- 
terior of the building may be 
treated if desired in a similar way. 
The writer has found that after 
The application of several coats of 
boiled tar and pitch mixed, the 
brickwork resists the destructive 
nature of the weak acid in the 
sulphate. His tests have not yet 
been carried out over a prolonged 
period, but he is convinced of its 
suitability for the purpose re- 
ferred to. 

With the open type of sul- 
phate storage floor, as illustrated, 
care must be exercised tO' prevent 
the acid from draining over the 
front end of ‘the flooring. The 
sheet -lead cjin be^stiffened along 
the front by dressing it Yo double 
thickness, and if this is kept i 
inch higher than the flooring 
boards and the same distance 


li from the end of boards, no trouble 
i I * --V:.* j experienced. 

! 1"^ It may be desirable to board 

0 ; up, for a few feet, a portion of 

f ® the front of the storage space, to 

13 I ^ ^ add somewhat to the storage 

1^1 « 3 capacity. This must not be ex- 
o o J ^ tended too far, because it will be 
5 S I ■ found inconvenient when the bag- 

\ ging of sulphate takes place. 

— Underneath the saturator a 

I sheet-lead tray should be pro- 

vided to catch any acid or mother liquor that may overflQ.w<or leak 
from the saturate’". If this is omitted, the flooring aftep boom- 
ing sa,+urated with acid will readily lift the said saturator, alid 
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possibly cauie the connection* or flanges df the pipes to* 
give. Xhe lead tray should *e laid with a fall to the motJier 
liquor well, and a pipe or outlet passage arranged to convey 
the liquid thereto. - ^ 


Arrangemeni of Plant 

* A glance at Figs, i, 2 and 3 shows the suggested arrangement 
of plant. It will be noticed that provision has not been made 
for the inclusion of steam-raising plant in the building. If a 
steam boiler lian to be installed a lean-to building could readily 
be ereetji^d at tiie end of the house i.car the doorway ; or, of 
tour 5 C,^the boiler could be housed inside the building and the 
accomr&odation for storing the sulphate thereby reduced. 

It will be observed that one of the rolled steel joists support- 
ing the liquor tank is arranged c?entrally over the f)rimary still 
and the superheater. Lifting blocks can be attached to this, 
and it will prove useful when taking jdant apart. If the 
brickwork opposite the centre of the secondary still is corbelled 
out sufficiently to form a bearing for a rolled steel joist, or, 
better still, if an iron shoe is built into the brickwork, the other 
end of the joist can easily be secured by a support hanging from 
the girder which carries the ammoniacal liquor tank. This is 
not costly, and, when once provided, it is always available to 
meet emergencies. * 

If for any specified reason it is desirable to erect the ammoni- 
acal liqJor tank outside the sulphate house^ it can be carried 
out by s(\mev'hat stnmgthening the wall of building and resting 
the end >r side of^ank thereon, and supporting the remainder 
on a co^^ple of iron, or steel columns. The tank should be 
covered in to prevent waste of ammonia. The dott^ed .lines 
in Fig. I explain these remarks. 

Another method of making provision for the taking apart 
of sections of the stills in the event of cross girders being absent 
is fix in the walls directly overhanging the plant a steel 
girder -bracket for lifting tackle to be attached. 

Loading the Sulphate of Ammonia 

The loading by manual labour of 2-cwt. bags oi suij)naie 
on drays or into railway trucks is arduous work and somewhat 
costly. With plants turning out a large tonnagO of sulphate, 
it has occurred to the writer that arrangements may be made 
for an adaptation of the monM-rail or telpher system, operated 
by hand or steam rope-winding' machine to enable the ba^s of 
sulphate to be taken out of the sulphate lioi . and placed direct 
into carts or rad'vav waggons. It is just: t qa»jstion whether 
the ^;Oiji^tary savmg in labour would justil^. *the imtial outlay. 
Euch case would have to be considered freffi its o^n particular 
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Standpoint. If the loading flo6'r is such that a dray back 
agf'^inst it, and the sulphate cai/ be whe’eled on saclt trucks 
direct on to lorries, without having to lift the s’acks of material 
several feet, much of the difficulty will be overcome. The 
provision of a light jib crane for loading purposes would, in 
many instances, prove to be a profitable investment. The 
position of the site may be helpful in determining the most 
advantageous arrangement to instal. It is cel'tainly an import- 
ant item, when it is remembered that it takes three men to lift 
a 2-cwt. bag of sulphate on to a railway dray, besides the carter 
who r(!ceive5 the bag on the lorry. 

Details of Construction 

The roof trusses, if constructed of wood, cost less in upkeep, 
and for this reason the writer prefers them to steel or ironwork. 
The type of truss to employ is dependent upon the. width' of 



building. If the width is 30 feet or less, a king-post roof truss, 
as illustrated in Fig. i, Can be adopted. If the building is 
over 30 feet, a queen-post truss should, for preference, be used. 
In decid'iig upon the size of members for a given roof-trus.., 
or, in fact, for any other type of construction, always endeavour 
to employ material of similar size or pieces cut from multiples 
thereof. For instance, assuming that the king-post referred 
to is for a span of about 24 feet, it can be made up of the under- 
mentioned members ‘.—tie beam 8 inches by 4 inches, struts 
4 inches by 4 inches, king-post 6 inches by 4 inches, principal 
rafters 4 inches by 4 inches, and the purlins 8 inches by 4 inches. 
The weight of the roof the framing is called upon to support 
has; of course, a bearing on the dimensions of its members. 
The writer rather favours the use of cement-asbestoS shingles 
^r corrugated sheathing for roofing buildings^ of the class undeA: 
consideratioij^. ( ' 

Figs, 5 and 6 show^ elevation, section^ and roof pikn 
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of a^^ood-class bililding, Ifie size of which can be modified 
to meet the requiremciits of large or medium-sized ps^Mprks. ^ 
The door is shown at the frcmt of building, but it can, if 
more convenient, be placed* at the one end, as shown on 



Fig. 6, — Sulphate Hoyse. Roof Plan. 

I 

a depth of 6 inches. Ram solid and fill in 'vitl* concrete. When 
set^lay in sections jr» mch bed of cement, 2 ’ts.^harp gravel 
sand, 2^jh/ai*ts, and hue chippings, i part, thorvij'hly^mixed and 
floated t<f a true level. 
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^ 0^ r. 

Concrete to be composed of 6 jfarts broken brick or ^ballast 
to p^ss through ij-inch mesh and i part each'-of sharp sand 
and approved Portland cemenF. 

Brickwork. — Build footing as- shown on drawings. (These 
can be omitted on good foundations.) Build piers in i8-inch 
brickwork to a height of 2 feet above ground level and reduce 
to 14-inch brickwork. The panel ^Is to be 714 inches reduced) 
to 9 inches. Two plinth courses to be laid to form the 4j-inch 
set-offs. ' Blue bricks can be used if desired. The brickwork is to 
be “ Old English bond," alternate layers of headers and stretchers. 

Damp-proof Course. — Lay a course of slates in cement through- 
out the thickness of wall, position as shown on drawing. ^ 

Woodwork throughout to be of best red deal, well seasoned 
and free from defects. 

Wall-plate to he 4I inches by 3 inches. 

King-post Trusses.— zConstmci to dimensions and size previ- 
ously given. Strengthen king-post to tie-beam with wrought-iron 
stirrups with gibs and cotters and principal rafters to tie-beam 
with wrought-iron stirrups. (Stirups 2-inch by f-inch flat iron.) 

Cleats to be provided for purlin support as shown. 

Pole-plates to be 4 inches by 4 inches. 

Common Rafters to be 4 inches by 2 inches, fixed 15 inches 
centre to ci^ntre. 

Ridge Boards 9 inches by inches. 

Slating. — Lay best quality Duchess slates (24 mches by 
12 inches) centre- nailed with a uniform lap of ^ inches and 
lo-inch margin. Double courses to be provided at the eaves. 
The underside of roofing to be torched. Battens 2 inches by 
<i inch, If cement asbestos shingles are preferred, specify to be 
laid diagonally and in accordance with the maker’s specification. 

Roof Rtdgcs. — Blue ridge tiles to be securely fixed on ridge 
boards in neat cement, ‘if lead work is desired, specify for a 
2-inch roll to be spiked on ridge boards and dressed with 6 lbs. 
sheet-lead. Lead tingles 18 inches long are to be provided-* 
4 feet apart under the hip rolls, and the sheet-lead is to be 
f listened thereto. 

Facia Board to be 9 inches by i inch, with beaded edge. 

Guttering and Dow 7 i Spouts. — 5-inch O.G. guttering to be 
fixed aroun^ building with suitable fall to the two 4-inch down 
spouts. Down spouts with feet to be provided and fixed in 
ajagroved position. 

Windows. — Provide and fix cast-iron window frames as 
required, and glaze on completion of work with 26-ounce glass. 

Door {hanging type). — ^Td be made in halves. The framing 
to be constructed of 2j-inch by 7-inch hanging and meeting 
stiles, and ij-f’nch by 7-inch bottom, middle, and ten rails ; 
and afterwards board the entire height of* door With* i«inch 
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matc^boarding. Paint doir with priming and two finis^^iing 
coats in apppjA’ed coJour. Bolt to the doOrs four wrough^-iron 
strap-hangers, 3 inches by |-incli, and drill and fix |-incli centre^ 
pins for the 4-inch diameter, cast-iron carrier wheels to work 
thereon. Provide and fix runner rail of sufficient length to 
enable the door to open to full width of doorway. 

Fig. 7 show^^details of construction for a ventilating louvre, 
suitable for the sulphate house, should it be deemed advisable 
to add this. 

Cooling Plant 

In*]?assing, brief reference may be made to the outside con- 
densing' plant. Whatever type of plant is installed to cool the 



Fig. 7. — Ventilating Louvre. 


waste gases, provi-^ion must be made for readily cleaning out 
the apparatus. If this is neglected stoppages will be frequent, 
for it is found on man|^ plants that ammonia at times travels 
forward with the waste gases, and carbonate of ammonia deposits 
in the condensing plant. This solidifies when the sulphate 
plant is shut down and the pipes become cool. When the^fub- 
stance referred to is removed, it isj^lackin appearance, due to dis- 
coloration by hydrocarbons passing forward w ' the waste gaies. 

The arresting of lime sludge ^is of real importance, for if 
the spent liquor is o bowed to pass forward i ongh. pipes direct* 
to sev r Ot other cutlet, without the removai\.» thejime sludge, 
a hard ftibstance will form in the pipes, and eventu^y ^lock 
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up the passage. The writer remembers examining on onfi^occa- 
sion ^ 4-inch glazed pipe which was completely Choked with 
lime sludge, and it had become so hard that a number of pipes 
were broken in the endeavour to dislodge the incrustation. 

The object of this article is not altogether so much the 
describing of a model sulphate of ammonia factory, because 
the writer is perfectly aware that what is adnjfrably suited on 
some works is quite out of place at others ; but the suggestions 
made may, the writer hopes, be used to advantage by some mem- 
bers of the profession who have to deal with wortc of this class. 

Comparison of Ammoniacal Liquors from Various Sources 

' % NH3 

From * i % 1 LS % CO, 

Free Fixed j Total 

~ " I ( 

Gaswdrks . . . 1.572 0.229 j 1.801 0234 1.875 

Coke Oven Plants . . 0.975 0.198 i 1.173 0.130 1.301 

Shale Works . . 0.573 0.036 I 0.609 0.026 0.938 

®'“wo“ks““ 0.035 I 0.292 Nil "• 0.526 

I C _ 

Averages taken from Annual Report for 1896 oLthe Chief 
Inspector under the Alkali, etc., Works Acts. F6f- further 
particulars see this Report. 


Comparison of Three Analyses of Ammoniacal Liquor 

MADE BY THE WRITER DURING YeAR 1899 


--(y 


% nh, 

1 



°Tw. 

Sample 

No. 

Volatile j 

1 

Fixed 

Total 

% ns 

«* 

'Jo CO, 

at 

60'’ F. 

I 

r“ j 

2 3060 

1 06459 

2.9519 ' 

o. 53 h 

i 2.454 


2 

1.7232 

' 0.5456 

^^2688 

0.530 

1.841 

4 l 

3 

1.7580 

0.6103 

C.3683 

0.442 

1.966 

5 1*6 

““ >. m 


I and 3 werf; from the same gasworks, and 2 frc>m'\pother 
gasvs^rk^v all in the same city. 
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I he foUowing Table shows the (Quantity of pure Sulphuric-Acid ' 
contained in ico.parts dilute at different densities 
according to Dr Ure’s Dictionary. ’ 

(Specific gravity of water = 1.000) 
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1 1 2.0 

110. 0 
107 8 

105.6 

103-4 

101.3 
99-2 

97 2 

95-2 
93 2 

91.2 

89.2 

87.2 

85-3 !, 

83-4 I 

81.4 || 

79.5 


50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

3^i 

35 

34 

33 

32 

3^1 

30 

29 

28 

27 

26 


Spec. 

Giav. 


1.3884 
1.37^8 
I 3^^97 
1.3612 
1-^530 

1.3440 

1-3315 

1-3255 

I 3165 
1.3080 

1.2999 
1.2913 
1.2826 
1.2740 
1.2654 
1.2572 
1 .2490 
1.2409 
1-2334 

1.2260 
1.2184 j 
1.2108 I 
1.2032 I 
1.1956 
1.1876 


i! 

’Tf-i: o’ 

at i {/] 


60° F. 


'.Spec. r^w. 
X I '60° F. 


77.7 

, 75-7 , 
73-9 , 
72.2 I 
70 6 I 
■ 68 8 ' 

66.9 i 
65 I I 
63 3 

61.6 I; 

59.9 '' 

58 2 

56.5 

rfl 8 

53 I i| 

51.4 ' 

49-8 
48.% , 

46.7 ! 
45-2 I 
43-7 
42 I !| 

40.6 I 
39-1 I 
37-5 'I 


-*5 I-1792 
24 1.1706 

23 1.1626 

22 ' 1. 1549 
21 1.1480 

20 I 1410 
19 1. 1330 

18 , 1.1246 : 
17 ! i.if65 
16 I 1. 1090 
i5 ' I-IOI9 

1 4 : 1 -0953 , 

13 j 1.0887 ' 
12 I 1.0809 ! 
II I 1.0743 ! 
10 1.0682 ! 

9 1.0614 i 

8 11105^4 ! 

1.0477 ' 
1.0405 , 
1.0336 
1.0268 
1.0206 
2 I I.OI4O I 
I 1.0074^ 


'35-8 
! 34-1 

' 32.5 
j 30.9 
j 29.6 

28.2 

26.6 
24.9 
23-3 

21.8 
20.4 

19.0 

177 

16.1 

14.8 

13.6 

12.3 

fo.9 

9.5 

8.1 

6.7 

5-3 

4.1 

2.8 

1.5 
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Advantage of dosed saturators, 68 
Alkali , etc., W^rks Regulation Act, 
I9f^6, 133 

A’^imonilical liquor — 
anal^^sis of, 8 
comqpsition of, 7, 148 
disputes re strength of, 9 
ounce sti’ength of, 9 
pumps, 16 

quantity required, 136 
regulating tank, 16 
sampling, 136 
sources of, 7 
stills (see Stills) 

supply tank, 15 • I 

Amount of sulphur recovered hy Claus 
process, 99 

Automatic bag holders, 86 
Avery’s automatic bag weigher, 87 

Baffle boxes, 17 
Bag doul^ing apparatus — 

Hattersley S' Davidson's, 89 
home made, 90 ^ 

Ball-cock*, 16 

Bends, nwlleable iron, dtuble, 21 
Blocks, 29 

Blowers (see Saturators) 

Blue sulphate of ammonia, 1 10 
Boiler feed water heater, 92 
Boding over of stills, no 
P'^ttom discharge valves — 

Colson’s, 70 
Walker’s, 70 

B.O.V. (see Sulphuric acid) 

Broadbent’s “hydro ' extractor, 84 
Brown sulphate of ammonia, no 

• 

' Cast-iron cocks, 16 
“Centrifugals” (see “Hydro” extrac- 
tors) 

Chemical Engineering and Wilton’s 
Patent Furnace Co, , Ltd. — • 

liming apparatus, 45, 47 
stills, 32 

^ waste liquor vaiv'*. C3 
Clap): mi’« superheaifer, 19 
Claus s^lph,;> recovery process, 96 


Cleaning flasks, lo 
,, stills, 29 
Colson’s saturator, 70 
,, stills, 26, 27, 31 
Combination still, 35 
Composition of ammoniacal liquor, 7, 
148- 

Composition of sulphate of ammonia, i 
Comlensers for waste gases, 91, 147 
Copper scoops, 63, 64 
,, •shovels, 63, 64 
Corlin’s ejector, 66 
Corves, 79, 80 

Cost of manufacturing sulphate, 112 
Ciude ammonia- 

plant requiied, 116 • 

starting the process, rai 

Dark grey sulphate ammonia, no 
Davis Bros.’ still, 27, 28 
Davis’ (G. K. ) still, 38 
“Devil” water, 19, 92 
Difficulties in*woi king, 108 
Dirty sulphate of ammonia, method of 
using up, 106 

Discoloration of sulphate of ammonia, 
no • ^ • • 

Draining tables, 76, 80 
Drying sulphate of ammonia, 76 
Linn’s patent sack holder, f'S 
Dunstable gas works, 129 
Durability of plate saturators, 67 
' « 

Efffcp of warm waste gases on 
sulphuric acid plant, 92 
Ejector for sulphate of ammonia, ^6 
Elevators for lime, 45 
Erection of stills, 30 
Exit, apparatus for testing, 99 

* • 

Factory Acts (special rules), 133 
Features in designing a suj^i,d;'te of 
ammonia house, 139 
Feed -v' ter/ /...er, 92 
Feldman's r.a'iUrator, 75 
Fishing scq *i)S, 64^ 

Hand pumps |Jor liige, 49 
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Hatlersley & Davidson’s bag 'doubling i f%int for small gas worlcs, 123 ^ 
|iapppralus, 89 , Plafc lead satu/ators, 64 

Hoggii^, 108 . Plugs and seats for 'acid and mother 

< innl inS I liquor tanks, 61, 62 


' tool, 108 j liquor tanks, 61, 62 

“ Hydro ” extractors, 83 | 

,, ,, Broadbent’s, 83 I Quality of lead, 61 

,, ,, Watson, Laidlaw } Quantity of ammoniacal liquor required. 


& Co’s., 84 

Hydrometers, 8, 102 

,, method of checking, 8 


136 

of lime required, 113 
of sulphuric acid required, 136 


iNOiA-RuniTUR cord joints, 27 
Injectors, 63 

Kestnkr’s elevators, 44, 45 

Lead-covekei) steel plates, 75 
Lifting blocks, 29 
Lime — 

carriage and storage, 14 
composition, 13 
impurities, 14 
sampling, 13 
Liming apparatus, 42 
Chemical Lfigineering and Wilton’s 
Patent Furnace Co., Ltd., 45, 47 
Kestner’s, 44, 45 
Shewring’s,48, 49 
Walker’s, 41 ^ 

Linder’s analyses of ammoniacal liquor, 
7, n 

Malleaiile iron double, for C) bends, 
21 

Manufacture in small works, 123 
Methyl orange solution, 5 
Midfeathcr for saturators, 61 
Milk of<irr4>, 41 ' 

Morris (Herbert) Ltd., lifting blocks, 
29 

Mother liquor, 105 
charging, 105 
tanks, 78, 80 
testing, 10^ 

Normal solutions (see Standard solu- 
/ tions) 

Orange coloured sulphate of ammonia, 
no 

Ounce strength of ammoniacal liquor, 
9 

Overhead carriers for sulphate of 
ammonia, 81 

Oxide pf iron purifiers, 99, loi 

M M n valve for, loi 

* f iiCENix ” patent ’sack holder, 88 
Pitch pine supports for ^ ainers, 77 ; 


j Reducing valves', 193 
j Registration of works, 133 
Regulus injectois, 63 
I ,, plugs and seats, 62 
j Respirators, 133 

' Sack doublers, 89, 90 
i ,, holders, 86 
Safety springs on stills, 22, 28 
Sampling — 
ammoniacal liquor, 136 
cups, 102 
lime, 13 

sulphate o^ ammonia, 2 
sulphuric acid, 136 
waste liquor, 137 
Saturators, 59 
closed types, 68 
Colson’s, 70 
contents too low, 108 
ejector type, 67 
Feldman’s, 75 
hand fished, 59 * 

open type for ejectors, 67 
plate lead, ( 4 
'I'aylor’s, 64, 70 
Walker’s, 70 
Williams & Henner’s, 70 
with bottom discharger, 69 
Zimpell’s, 71 

Scoops for hand fishing, 63 
“ Scotch ” cement joints, 22 
Seal pots, 19, 53 

Shewring’s lining apparatus, 48, 49 
Simon’s sack filling and automatic 
weighing machine, 87 
Slaking lim®, 41 

Specific gravity bottle, method of 
using, 8 

Spent liquor analysis, 137 
,t I, tests, 104 
Split ammonia pipe, 108 
Standard solutions— 

* ammonium copper sulphate, 10 
oxalic acid, 138 

sodium hydrate,* 3, 6, ioi,iro2v 
sulphuric acid, i 



Stack^g sulph.'te of amuionia, 77 
Startiii| the plan:, 102 * • 

Steam pipe to piwent “hcgginf,” 106 
Steel for stills, 33 
Stills— 

Chemical Engineering and Wiltbn 
Patent Furnace Co., Ltd., 32 
Colson’s, 26, 27, 31 
combination, 35 ^ 

Davis Brothers’, 27, ?8 
Davis’ (G. K ), 38 
Walker’s, 22, 3;, 40 
Wyld’s, 37 ’ ‘ 

Wyld and Shepherd's, 36 
Stoppage in condensing plant, 109, 147 
Stopping the plant, 107 
Storerooms, 78 

Storing sulphate of ammonia, 77 
String for sewing bags, 90 
Sulphate of ammonia — 
analysis, 2 
blue, no 
brown, no 
colour, I 
composition of, i 
dark grey, 1 10 
discoloration, no 
ejector, 66 
orange, no 

sales on per cent, basis, i 
sampling, 2 
wet, lit 
white, I 

Sulphurif' ntid-- ^ 
carriage^ind storagf', 134 
manu(a<jjure from \\c.sleigases, 93 
per cent pure in various strengths, 
149 

qualities, 12 
quantity required, 136 
sampling, 136 
Syphon box, 62 

* 

TACHONfETER, 1 6 
Taylor’s saturators, 64, 70 
Testing plug bole, 64 
Thermometers, 106 

Time required to dry sulphate of am- 
monia, 79, 84, 87 


153 

Treatment of HqS poisoning casdl, 

134 

“Trepex ” still, 38 

Utilising the waste gases, 93 

Vacuum valves, 118 
Valve on oxide purifiers, loi 
„ ,, waste gas pipe, 108 
“Vulcan” cement joints, 22 

Walker’s (C. & W., Ltd.^— 
discharge valve, 70 
hydraulic change valve, loi 
liming ajiparatus, 41 
saturators, 70 
small sulphate plant, 123 
^ stills, 22, 33, 40 
Wareham gas works, 126 
Waste gases, 91 

,, •„ effect on sulphuric acid 

plant when warm, 92 
Waste liquor — 
analysis, 137 
arrangements, 54 
condition of, 104 
cooling tanks, 56 
sampling, 137 
seal pots, 53 » 

settling tanks, 58, 147 
slaking lime with, 41 
temperature entering sewer, 55 
tests, 104 • 

trough, 54 
valve, 53 

Watson, Laidlaw & Co’s, “hydro” 
extractor, 

Weston “hydro” extractor, 84 
Wet sulphate of ammonia, in 
WiHiams & Fenner’s saturator, 7( 

White sulphate of ammonia, i 
Wrexham sulphate of ammonia plant, 
Frontispiece, 15 
Wrought-iron for stills, 33 
Wyld’s still, 37 
Wyld & Shepherd’s still, 36 

Zimmer’s respirators, 133 
Zimpeil’s saturator, 71 
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Lower Working 
Costs 

TL TO m^fUrkf4 <c rrkmr>’34»^ f/x 


NO other method is comparable to 
automatic weighings ^or hand- 
ling materials economically* 

With the AveryAutomaticWeighers 
costs are lowered — output increased 
— ac.'vuracy is maintained through- 
out the whole period of working, 
and with such economy the install^ ‘ 
tion pays for itself in a few weeks 
of service. 




^ I i i— » 

GOAL TAR 

AND 

AMMONIA PRODUCTS 


Benzole, Toluole, Solvent Naphtha, 
Creosote Oils, Grease Oils, Car- 
bolic Acid, Dark Cresylic Acid, 
.Granulated (Crude) and Sublimed 
Naphthalene, Beta Naphthol, An- 
thracene, Refined Tar and Pitclj. 
Sulphate of Ammonia cqntaining 

A 

a guaranteed minimum lof 25 peV* 
cent. Ammonia. 


FOR PRICES APPLY TO THE 

SOUTH METROPOLITAN GAS COMPANY 

709 OLD KENT ROAD 
LONDON, S.E.15 

< Teiegrafihlc Addreum 

Inland : M ETR0OAB/?£CK, LOHDOH ** Fortiia : « HETHOGAB, LOl DOH 




l^atent ‘‘'Standard” 
Centrifugal Washer 

For Extraction of Ammonia, Cyanide, Naphthalene 
Benzol, etc., from Coal and other Oases 



of machines ordered : 192,320,000 cubic ftA 


KIRKHAM, HULETT & CCaNDLER,.LTD. 

37 dw 38 Norfolk House, N<i» *oIk -Street 

STRAND, W.C.e 

Tele|raii«-^‘ Washer Eitrand, London” 1343 City 



THE BRYAN DONKIN COMPANY 

MAKERS OF 

GAS EXHAUSTING PLANTS in capacities from 
100 to 750,000 cubic feet per hour to suit all conditions. 

RATEAU TURBO EXHAUSTERS,* BLOWERS 
and FANS* Driven by Steam Turbine, Gas Engine, 
Electric Motor or Belt, for Pressure Raising, Gas ‘Com- 
pressing, dealing with Gas from Coke Ovens, etc. 

ROTARY BLOWERS AND COMPRESSORS of 

positive type for Industrial Purposes. A large number 
supplied for use in connection with Gas Furnaces, etc. 

RECIPROCATING GAS COMPRESSCRS for 

High' Pressures. < 

combined meter blowers for Oxide Revivi 

fication. 

PATENV district gas governors, capable 

of reducing with accuracy any Pressure up to 50 Jbs. per 
square inch down to the ordinary District Pressure in one 
stage. Absolute certainty of action un^er all conditions. 

HIGH AND LOW PRESSURE REGULATORS 

« •for. Gas Cervices, Meters, Gas Fires and Stoves. 
(Thousands supplied.) 

GAS VALVES of all Cizes and types for all purposes. 
Single and Double Faced. 

' GLAND PLUG COCKS 
, SERVICE CLAMPS AND FITTINGS 
TAR, LIQUOR AND WATER PUMPS 

o 

'High Pressure Oas Distribution Schemes quoted for 
Ai! our Machinery is of tl^e very highest class and 
^ can be inspected under test before delivery 

* HEAD OFFICE AND WORK^ 

.OHUStERFIELD, ENGLAI^D ^ ^ 



1 nt 


CiAYTO»,S()lliCO.,.|J«' 

MOOR END, HUNSLET, LEED*S 

TELuQRAPHIC ADDRESS: GAS, LEEDS 


.STRUCTURAL STEEL WORK 
« STEEL CHIMNEYS 
BOILERS 
SCRUBBERS 
COOLERS 
CONDENSERS 
TANKS 
STILLS 

Receivers 

*DEPHLEGMATORS 
CARBURETTORS, &c. 

FOR 

RECOVERY PLANTS 


lUS/UIRIES INVITED 


’,L0(|D0N OFFICE; 60 QUEEN vklORU ST., E.6. 



REiTORTS 

COKE OVEN BLOCKS, 

BRICKS, etc., for any required Situation 


iti 


“SYO’ 


Retorts made from clean and 
specialty toughened Silica 


“LUMA” Retorts, etc., in the best 
<"*«■> grade of material giving 
high content of Alumina 


Enamelled and Segmental Retorts, 
Chrome, Magnesite, Carsil, Zitcoma, and 
. - all kinds of Refractory Specials, 
Paints, Coverings and Glazes, etc., 
to suit conditions 

WILLIAMSON CLIFF 

* LIMITED 

- STAMFORD, ENGLAND 


London Office: 
l<7 MONUMENT STREET 
E.C.r 


Telephone : 

* 16 Stamford ' 

Avenue 1771 London 


TAR DISTILLATION PL 
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THE •CHEMICAL ENGINEERING <& ifriLTONS PATENT FURN*CE CO., Ud.. Hendon. LONDON. M.W.4 
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ZEIMAR" 

(Registered Trade Mark) 

GAS MANTLES 



BRITISH MADE THROUGHOUT 
BY BRITISH LABOUR 

SOLE MANUFACTURERS 

II 

The Ramie Company, Limited 

^ (Warburton’s Patents) 

Victoria Mills, Bred, bury, near Stockport 


/'RICES ON APPLICATION 



thTws 


TUli LAKGES'l' BRITISH GAS MANTLE FACTORY 
WAIiDSVVORTlI, LONDON, SAV.Ls 

ALL WELSBACH MANTLES 

British Made by British Labour 


THE WELSBACH LIGHT COMPANY, LTD. 

“WELSBACH I1OU8E," KINB’S CROSS, W.C .1 * 

Telephone: ^10 North (4 l^ines) 

Telegrams: “WELSBA6H. KINCKC \>,^0ND0N;’ 

And at BIR<MINGHAM, MANCHESW h BRISTOL, HULl. 
« LEEDS, 8TOKE.ON-TRENtT, and DOqLIN 





'///i 

Jo.'--' I 

/ . ■ v- S 

V:® 


' -'.v/ ■ io 


<v,. 


Z; ] 


All 

Free from Starch 


Secure the most accurate results in your experiments 
by using the Genuine British-Made Whatman Filter 
Papers ; there is a grade to suit every analysis. 
Whatman Series include single acid-washed, double 
acid-washed, hardened, fat-free, drop reaction papers, 
Extraction Thimbles, etc. 

c 

Use a filter paper on which you can absolutely rely — 
use Whatman. Ask your dealer to-da.v for inforipa- 
tioTi a-bout 




Bi^h 

^rade 


HTIER^EIB 


Stocked by all Laboratory Furnishers 

% 

In the event of difTiculty in obtaining supplies or 
^ free samples, write to the ScVie Sales Representatives : 

'ri. REEVE ANGEL & COMPANY, 15 New Bkidcjk Street, London, ^,.€.4 




AL9ER & lyiACKAV; Ltd. ' 


Es^BiblishecI 1850 
i¥IANUFACTURERS OF 


GAS STATION METER • 

GAS ORDINARY WET AND DRY 
METERS 

GAS UNDERGROUND WET METERS 
GAS TEST AND EXPERIMENTAL 
METERS , 

GAS MAIN COCKS 


GAS TEST HOLDERS • • 

GAS PRESSURE GAUGES 
GAS LANTERNS 

GAS AUTOMATIC LIGHTING AND 
EXflNGUISHING APPARATUS 
FOR STREET LAMPS 


PRaI^AYIVIENT qas meters 


Slol Attaclinieiit 
DetKchable and 
Interchangeable 

Entirely Outside 
of Hoter 

(Nothing Inside) 

Can be Overhauled 
without 

Removing Meter 

No Springs 

• 

Silent Action 

Cojfti Closer 

Specially Large 
Gash Box 


de for Pennies 
^Shillings 
or any Coin 


Descriptive List and all Particulars on Application 


New Grangfe Works 
Edinburgh 
Tel. Address 
"Alder, Edinburgh" 
Tel. No. 1481 Central 

Ventnor St. Works 
Bradford 
Te^ Address 
" Alder, Hradtoau" 
iTel. No. 12)3 


13 Victoria Street, Westminster , 
London S.W.i , 

Tel. Address i 

“ Aid Jiigi, Vic., London” 

Tel. No.i7643 Victoria 

Central Hoifte, New Stre^- t 
Birmingham . I 
Tel. Address ' i 
" Alderugi, Birmiughau ’ 


Bridge Street 
Sydney • 
New South Wales 
Cable Addr-^-s 
" Plovef, Sydney" 

Lower TaranakilStreet 
Wellington 
New Zealand • 
Cable Address 
"Biftcjjer, Wellington" 




Tar Distilling Planis 


THESE HAVE B^EN SUPPLIED 
BY US FOR DISTILLING FROM 

FIVE TO "FORTY TONS DAILY 

0 

ifl W ifl 

PURE CONCENTRATED 
ArtnONIA PLANTS 

BENZOL PLANTS 


m ifi ifi 


SULPHATE OF AMMONIA 
• PLANTS 


Gasworks Plant 


OF EVERY DESCRIPTION MADE 
AND ERECTED IN ALL PARTS 
OF THE WORLD^ 

w w 

C. ^W. Walker, Irtd. 

'dONNINGTON, NfeWPORT'^aiOP 
London Qffics: IIO Cannon Street, E.C.t 
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AMMONIA PRODUCTS 

CHAS. PAGES CO. 


47/51 KING WILLIAM ST. 

MEI^CHANTS EXPORTERS 

LONDON. E.C. • 



CDancepunt 

tim\m 

OLDBURY (Worcs.) 

I ■■■ '■■■■' — 

TELEGRAMS - “CHEMICALS OLDBURY” 
TELEPHONE - 203 OLDBURY (17 Lines) 





CENTRIFUOAU 

DRYING MACHINES 

FOR 

SULP.HATE OF AMMONIA 

FOR DRIVING EITHER BY 
EI^GINE, BELT, OR ELECTRIC MOTOR 



MANY PATBNTBD IMPROVEMENTS, PARTICULARS 

OF whi^h may be had on application 


MAKERS 

POTT, GASSELS’& WiLLIAMSON 

*MOTHERWELL, SCOTLAND 


YVll 




Benzol ^(pure) 

Toluol (pure) 

Xylol 

Solvent Naphtha 
Hi^^h- Flash Naphtha’ 
Solvene 

Naphthalene (pure) 
Carbolic Crystals 
Cresylic Acid 
Orthbcresol 
Metacresol 
Creosote 


Anthracene 
Pyridine 
Refined Tar 


Fuel Oil 
Black Varnish 
Oxide of Iron 


Ammonia (All strengths) 

Ammonium Carbonate 
Nitric Acid 

♦ 

Benzol Absorbiivf Oil 


■ SULPHURIC ACID 


Brotherton 

& Co., Ltd*. 

W * 

Ammonia & Tar Distillers 


Work»- 
Bdwlngham 
, Glasgow 
Leeds 

Liverpool < 


City Chjsnibers 


-Leeds 


Works- 

Mlddlesbro’ 

Sunderland 

Wakcsteld 

Working^n 


TUBES 


and 


FITTINGS 

Loose Flange Jnint Tubes 

COILS 

ol every description for Refrigeration, Hot Water, Steam, etc. 

BTEtL GAS BOTTXES 

for Compressed Air, Oxygen, Hydrogen, Acetylene, 

Carbonic Acid, Nilrous Oxide, and ail other Gases. 

Stewarts and Lloyds^ 

LIMITED 

GLASGOW BIRI^INGHAM LOt^N 
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ESTABLISHED 1834 


H I C H 




CAS 

i Dcrrsotc i 




FIRECLAY AND SILICA 
GOODS 

OP EVERY DESCRIPTION 


I filGHEST auaUTY ONLY SUPPLIER) | 

I B. GIBBONS. JuHR., 'LTD. | 

I DIBOaiE WORKS ‘ I 

I DUDLEY i 



SULPHATE of AMMONIA 
SATURATORS 

OVER 546 SATURATORS DELIVERED. 

i 

DURING THE LAST FEW YEARS 



JOSEPH TAYLOR & CO. 

Cbetnical Plant Enalneers 

BLACKHORSE STREET MILL 

BOLTON 


Telegraphic Addreie Worle Telephone No. Reiidehoe 

'^SATURATORS, BOLTON” 848 BOLTON « BOLTON 

K 

■ I 
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DAVIS BROS. 

Chemical Engineers 

t 

LONDON . . . MANCHESTER > 

265 St^d, W.C. 66 Deans^ate . . 

• • ^ 

jQAVIS BROS, were among the first 
to adapt the Column Still to the 
recovery of Ammoni§ from Gas Works 
Liquor, and have been makers of Con- 
tinuous Ammonia Stills and Sulphate 
Plants since 1885. 

SPECIALITIES— 

TAR DISTILLATION PLANT 

( II M il III — 

SULPHATE OF AMMONIA PLANT 
AMMONIA STILLS . . 

ANHYDROUS AMMONIA PLANT., 

PATENT »TREPEX>^ GAS 
“ %VASHERS . . . 

AMMONIA LIQyOR^LANJ . . 

MURIAT E OF AMMONIA PLANT 

SULPHURIC ACID PLANT 

ACID DEA RSENiCA TION . . 

(with Waste Saturat or Q ases) 

Telep hones: Tel egrams : 

i369a^Central London "Trepex London” 

3060 Clkitral Manchester “Expert Manchester” 
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nWAS BReADBEtT W' 

LIMITED 

CENTRAL IRON WORNS^ 

'"‘(fLtae!)**’ HUDDBRSFIESi:.!) 


speciaLly adapted for the treatment 

OF SULPHATE OF AMMONIA 



Type No. 3 


SUSPENDED DIRECT 


l^team Driven Extractor 
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■WaTs6n, LAIDLAW & CO.. L2. 

98 DUNDAS STREET (South) 
GLASGOW 
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m BRITISQ GAS f lIRi^YlN^* 
MAFE'tUALS COMPANY, Ud. 

(W. I. P. OUNNINQHAH, Chief Proprietor and Haji^gMl^irector) 

MINERS OF ENGLISH BOG ORE 
AND RICH NATURAL HY^R^TED 
OXIDE OF IRON 
DEALERS IN SPENT OXIDE 


Registered Offices — 

13 ARCADIAN GARDENS, WOOD GREEI^ 
LONDON, N.22 

t 

Telegraphic Address— Telephone— 


‘ BRIPURIMAT, WOOD-LONDON " 


'PALMER’S GREEN, 608” 


Wk SPECIALIZE- 

— 

IN SMALL GAS W0RK^ — 

and solicit enquiries for 

EXTENSIONS & RENEWALS, GASHOLDERS 
* PURIFIERS, CONDENSERS, WASHERS 
SCRUBBERS, WATER TANKS 
Etc. 

PORVER ®. CO. 

Gas Dnginesr^ 

L I N t O I| \ 


Tei'^gragis • 

‘P(TOTE]^, LINCOLN" 


ESTABLISHED m6\ 


Telephone : 
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rij)*Blakelepi.Sons$Co^ 

t • , * LIMITElJ ' t '■ 

CHtyKOi FENTON, near LEEDS 

TELEGRAMS-BLAKELEY, CHURCH FENTON 

GOOD O^RHAULED PLANT 

' ALWAYS IN STOCK FOR • 

GASWORKS, CHEMICAL WORKS. Efc, ^ 

Satisfaction Guaranteed * 

CONSTRUCTIONAL IRONWORK ERECTIONS 

Ask as ta S.uote 


PLANT OF ALL KINDS 
PURCHASED FOR DISMA'NTLING 



Notice 

to those interested iii 

X • • • 

Ccjkin^ and By-Products 

e 

A Coking- and Ry-Products Section appears in the first issue of 
^‘T'he Gas World” each month. Copies containing it will he sent, 
post free (iif the United Kingdom), for fis. per annum. Single copies, 
price 4d.; by post fid. 

The above Section is the official organ of the C'oke Oven Managers’ 
Association. « 

ThLs Section ^ontai ns reports of meetings, descriptions of plant and 
%ap^aratus, papfers relating to Coking and By-Products and much 
general in^mation concerning the industry. 

The amiual subscription to “The Gas World,” if sent weekly, including a copy of “The 
Gas World” Year Book, is, United Kingdom, 19s. 6il. prepaid. Abroad, 21s., prepaid. 

V f ^ 

“The Gas Warld” Offices, 8 Bouverie Street, London, E.C.4 

e C fT 
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■tHE CARBON ISAtTOlJ' 
OF COAL 

A SCIENTIFIC REVIEW OF THE FORMATION, COMPOSITION 
AND DESTRUCTIVE DISTILLATION OF COAL FOR . 
.GAS, COKE, AND BY-PRODUCK 

BY 

VIVIAN BYAM LEWES 

F.I.C., t»C.S., Etc. 

Professor of Chemistiy, Royal College, Greenwich 

Chief Superintending Gas Examiner to the Corporation of the City of Lon(C.. 
Vice-President of the Institution of Naval Architects, etc. etc. 


The Times bays : — Will be hailed with satisfaction by all those who 
are interested in carbonising^ work and who desire to possess the most 
recent information on this important subject.^’ 

The Colliery Guardian says : — There was a need foi*this book. . . . 
In his treatment of the subject of modern methods of carbonisation, 
Professor Lewes is as successful as when dealing- with the abstract 
question of the compo»ition of coal.” ^ 

T^e dheiuical 'frade Journal says : — This book satisfies a long-felt 
wnnUj, . . . T’>e fen chapters deal systematically wUh the subject. 


Other chaj go well into the subject of claifijical^m and dis- 
t'ubutiou of coal, various forms of retorts used 'in gas mSffbfSSlure 
which are illustrated by good plates), coke ovens and their develop- 
ments. . . . There is also very good descriptive matter regarding the 
conditions existing in the destructiv*distillation of coal, manufacture 
of coke, and the utilisation of residuals for the manufacture of ammo- 
^ ninra sulphate and other products.” ^ 

The Gas Journal says : — ‘‘ It will be readily admitted that there is 
no one more competent than the author to deal with the subject.^’ 

The Coal and iron Trades Reoiew says : — Much' information wiiich 
will be useful to gas engineers.” 

The Glasgow Frald says:— '^Offers valuable guidan^'e as to the l^st 
methods by which coal eft., be utilised in the service of Inan.” ^ 

The Newcastle 6%ron W<r suj s “ It is, therefore, evident that in 
treating of the carbonisation of #oal PrpfCssqr I<ewes is dialing tvith a 
subject that is not only of technical inteic^ -ul is aLo ofvit^ im- 
^portance to the nation generally. t ^ 

^ ^ • , / 

“Tjje Offices, 8 Bouverie Str'eet, Ibondon, E.C.4 


STANLEYr'-im- 

W&i 65 Iltustratiom, jk 

\r , CONTENTS 

ttB|K>riance of tho Coking In<)'istr7. The Nature and Pre9iij;«ilod of Coking Coals. 
Development of the ^-Product Oven. The Workifl|r of 4 BjfwProdnct Coking 
Plant Systems of Coke Ovens. Coal and Coke HaiocBI^ Machinery and 
of Tar and Ammonia^ The Recovery of 


Plant. Systems of Coke Ovens. Coal and Coke HancBI^ Machinery and 
Gas Bxhansters. The Recovery of Tar and Ammonia^ The Recovery of 
BensoL, The^Utiiisation of Surplus Coke , Oven Gas. Tar Distillation. 
Chemical Tests. Future Developsmnt of the .Industry. * 

The Iron md Cml Trades Review says The carhontfation of coal in by-prodrct ovens 
has now become ah industry of national impovtuicai and as there was a lack of a suitable v 
text'book on the subject illustrating British practlc^ items the aim of the author, tKi late 
Mr G. Stanley Cooper, the wetUknown chperfi'tO shppiy this need. The book is intended 
primarily for the student, but can be pormi^^|ai^|mntS^ by a wider circle of readers, as 
all intricate technical explanations bavsbe^avs||pl|fUf much as possible, while the expert 
may also find food for thought in ks pagek,^' 

American Gas /<7JWw«7 s*yiiV*‘*Ak^%0Bedingly useful and well-prepared 

book on a subject upon which there is an imufficie^y 4f #rsilabie literature, ” 

The Science and Art 0 / Mining On the tvhcle the book is an admirable intro-* 

(juction to the, subject, and will prove very useful. The theoretical and practical sides of the 
various topics are well blended, and we highly recommend the book to our readers.” 

The Colliery Gwtrdian says “ We can commend this book foi the cscellciu .account it 
affords of eidstipg practice in by-product coking.” 

**The <jas World'’ Offices, 8 Bouv^^e Street, London, 


COAL TAR DISTlttiAtlON 

AND WORKING UI* OF TAR 

By ARTHUR «. WARNW " 

UCh^’ Engtiii^er and Tachaididl CbemUt, Menu $oc. Ih 4 «uttiy 
^ Met% Pgtadny Spc., Btc, 

SECOND EDITION, REVISED AND ENLARGED ;.r . 

Demy 8 pp. With lU^^traiiom, Prke los. Od. jwif . ’ 

A lext-boolt for tbd Manager^ of Tar Works, Coke Oven Workij'^^i 
and Students of Technical ‘Cheirtistty, . t,;' * , 

CONTENTS.~-Coal Taf. iloiv Tar is Racelved from Gassrarka k* 

the Dtstiilation of Tat, Distilktion of Coal Tar, Plant m 
Cresylic and Car^c Adds frOm O&s, Tho Recovery af Carbolic a^lSiijP%ti 
Acids. Plant for.thO Rocoyery of Beuols, Naphthas, etc. The RecflMIry oF 
V Benzols and Naph^bas. Prrst Distillation and Washing. The Rectification 
' of Benzols and apkfkba, PW^'the Worktof no of ^ridlae from Pyridine- 
Acid. The Recoyeiy and Reotifidation of P$t|^ae, Basesi, Plant for 
Manufacture of Niipfathalehe smd Anth rtfe i to ; Tke ManufaetdfAM. ; 
(>ude NapMhakiimswid Antoie^ Pitch iKl® **GWtliK.” 

Gas StrippHA..^,ri?Orks* ™ 

valuable Hteratuid ‘ 
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